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Foreword

The contemporary medical literature affirms that the most common ophthalmic 
diagnoses addressed in emergency departments are problems related to the anterior 
structures of the eye, including the lids, cornea and conjunctiva. For this reason, 
both the ophthalmologist and the emergency medicine physician must be able to 
recognize, triage and manage these disorders effectively. In this volume, Profs 
Sharma and Titiyal and their colleagues have compiled a truly comprehensive trea-
tise on urgent and emergent disorders of the cornea and external eye.

Beginning with the basic pathophysiology of corneal injuries and the requisites 
for diagnosis and treatment, this book progresses from minor corneal injuries to 
severe trauma, corneal infections, management of perforations, chemical injuries, 
postsurgical complications, contact lens-associated emergencies, peripheral ulcer-
ative keratitis, complications of ectatic diseases, systemic inflammatory diseases 
affecting the ocular surface, keratomalacia and the medicolegal aspects of corneal 
emergencies.

In the setting of a busy emergency department, ocular emergencies are often 
deemed less urgent, even when permanent vision loss may be the result. The reason 
for this, in part, is the press of potentially life-threatening emergencies that may 
preempt attention to other ‘less immediate’ issues. However, the downgrading of 
urgency may also be the result of lack of familiarity with the nature of corneal emer-
gencies. For this reason, it is even more important that the emergency medicine 
physician understand the degree of urgency that accompanies corneal disease and 
trauma in the emergency department.

Enlisting a group of experienced clinicians as contributors, the editors provide us 
with a book that is a truly comprehensive resource for the corneal specialist, the 
general ophthalmologist and the emergency medicine physician. Both a scholarly 
text and a useful ‘manual’, this volume will be an important clinical opus in our field.

Fosse Endowed Chair in Vision Science Research  
Professor and Chair 

Department of Ophthalmology and Vision Science
University of California Davis Eye Center

Davis, Sacramento, CA, USA

Mark J. Mannis, MD, FACS
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Preface

Corneal emergencies are one of the most common ocular emergencies. They may be 
accidental or iatrogenic in nature and encompass a plethora of conditions including 
trauma, infections, chemical injuries and postsurgical complications. Together, they 
constitute a significant burden of avoidable corneal blindness and warrant immedi-
ate intervention to prevent sight-threatening sequelae.

This book is a comprehensive compilation of the various corneal emergencies 
encountered by ophthalmologists in their day-to-day practice. The chapters system-
atically cover the basic pathophysiology, clinical examination, essential investiga-
tions and treatment algorithms for the different corneal emergencies. Special 
attention has been paid to incorporate the recent advances in the diagnosis and treat-
ment of emergencies associated with ocular surface disorders, corneal ectasia and 
microbial keratitis. The written material is structured in a lucid fashion with numer-
ous tables, flowcharts and colour illustrations to help the readers understand and 
assimilate the information easily. The highlights of each chapter are summarized at 
the end as key points in order to provide the important information at a glance.

The myriad corneal emergencies may manifest in different forms requiring a 
good diagnostic acumen and meticulous management approach. The immediate 
treatment received at the point of first contact is a significant determinant of final 
visual and anatomical outcomes in any ocular emergency. Ophthalmology, like all 
of medicine, is increasingly becoming specialized with surgeons mastering specific 
skill sets; however, a knowledge of corneal emergencies is imperative for all oph-
thalmologists regardless of their field of interest. This book provides a comprehen-
sive overview of the presentation of various corneal emergencies and details a 
step-by-step management to enable optimal outcomes. I believe this book would 
serve as a useful guide and valuable resource not just for the residents and fellows 
who often handle the emergency department but also for the senior corneal 
specialists.

I would like to express my sincere gratitude to all the authors for their valuable 
contributions to this book. I would also like to thank Springer publications and their 
staff for facilitating the publication and distribution of this book.

New Delhi, India Jeewan S. Titiyal   
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Preface

Corneal emergencies are visually debilitating ocular conditions of fairly common 
occurrence necessitating emergency intervention. Its management has undergone 
significant transformation with new diagnostic and therapeutic options that have 
changed the treatment paradigm over the last several decades. The editors and 
authors have endeavoured to provide the most recent resource for residents, fellows, 
clinicians and researchers in the management of corneal emergencies. One of the 
great strengths of this book is the vast experience and clinical expertise of contribu-
tors of this book. It gives the distilled experience of the world’s leaders in this field 
and outlines their approach and justification for the same

This book was conceptualized while observing residents as they managed vari-
ous emergencies during their training period. I felt that there was a need for a con-
cise, informative and practical book on corneal emergencies. Subsequently, I 
conversed with residents and fellows and also reached out to those who had com-
pleted their residency, regarding the need and utility for such a book. The feedback 
on the need for an authoritative resource in the field of corneal emergencies was 
unanimous rendering confidence that comprehensive knowledge of corneal emer-
gencies can be unravelled through this book.

The book deals with an important and yet uncovered subtopic of the cornea 
through thoughtfully curated chapters, clinical photographs and key points incorpo-
rated in the chapters. It intends to provide comprehensive knowledge of corneal 
emergencies, their risk factors, causative agents, diagnostic pearls, treatment chal-
lenges and management options through explanatory flow diagrams and diagnostic 
and treatment algorithms accompanied by numerous illustrative photographs, dia-
grams and sketches. The figures and illustrations have been designed to provide an 
informative and vivid representation of referenced conditions. Much emphasis is on 
practical management, supplemented with preferred practice patterns, guidelines 
and other authoritative sources.

Corneal emergencies are an integral part of postgraduate curriculum. This book 
shall serve as essential reading for postgraduate students, trainees, fellows and oph-
thalmic practitioners in addition to supplementary/recommended reading for under-
graduate students. Ophthalmic practitioners would immensely benefit from this 
book by way of its comprehensive approach to the diagnosis and management of 
corneal emergencies which would further their understanding to better manage such 
cases and to avoid potential consumer litigations.
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I am extremely grateful for input, advice and support received from colleagues, 
staff and students, in particular Dr Deepak Soni who was instrumental in meticulous 
data curation and overall editing. Dr Sajith Haridas and Dr Ananyan Sampath for 
their contribution towards skilful sketches and drawings without which many of the 
images in the book would not have been possible. We thank colleagues From Dr RP 
Centre AIIMS New Delhi for graciously allowing the use of clinical photographs 
from their collection. Finally, I would like to acknowledge the support and commit-
ment of the staff at Springer Nature in completing the book to perfection.

Bringing out a book on a subject like corneal emergencies was enormous and 
complex and was made possible by the concerted efforts of the contributing authors 
of this book. I am obliged to all the contributing authors for sharing their knowledge 
and expertise and the time and effort they have put into the writing of this book. I 
am extremely grateful to Prof Mark J Mannis for being a source of great inspiration 
in the field of academics, research and clinical care. He has been kind enough for 
taking the time to contribute a brilliant foreword for this book. I am indebted to my 
co-editor Padmashree Prof Jeewan Singh Titiyal for his invaluable help and guid-
ance at every step. I would also like to acknowledge my family for their patience 
and constant support to accomplish this work.

We hope this book will benefit students, practising ophthalmologists and thereby 
the patients for years to come.

Happy reading!

Bhopal, India Bhavana Sharma   

Preface
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1Anatomical, Pathophysiological, 
and Wound Healing Aspects in  
Corneal Emergencies

Harsha Saxena, Samendra Karkhur, Arvind Maurya, 
and Bhavana Sharma

1.1  Introduction

Cornea is the predominant refractive component of the eye. It forms the outermost 
layer of the eye along with sclera, accounting for nearly 70% of the refractive power 
of human optical system [1]. The optical clarity and corneal dimensions serve as 
essential integrals for focusing the light, un-deviated over the retinal surface. 
Additionally, it serves as a structural barrier protecting the eye against physical, 
biological, and chemical threats. Loss of cellular integrity of cornea can be a cause 
of impaired visual acuity. However, the unique cellular anatomy of cornea enables 
rapid restoration of afflicted tissue, in order to maintain anatomical and functional 
integrity. Consequent to the disruption of corneal function, as a result of infectious, 
inflammatory, or traumatic insult, there is a simultaneous ingress of inflammatory 
cells, differentiation of fibroblasts, collagen and extracellular matrix synthesis, and 
subsequent scar formation with or without fibrovascular proliferation.

This chapter would focus on anatomical and pathophysiological aspects of cor-
neal emergencies, the main events in corneal wound healing and maintenance of 
corneal transparency.

1.2  Anatomical Considerations

Cornea is a biconvex, aspheric, and avascular structure with an anterior and poste-
rior curvature of 7.8 mm and 6.5 mm, respectively. With a refractive index of 1.376, 
cornea contributes nearly 2/3rd of the total refractive power of about 48 D [1, 2]. 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5876-1_1&domain=pdf
https://doi.org/10.1007/978-981-16-5876-1_1#DOI
mailto:head.ophtho@aiimsbhopal.edu.in
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The central corneal thickness ranges from 551 to 565 μm and the peripheral corneal 
thickness from 612 to 640 μm [1, 2]. Corneal thickness gradually increases from 
center to the periphery, due to increase in the amount of collagen in the periph-
eral stroma.

The corneal layers from superficial to deep are epithelium, Bowman’s layer, 
stroma, Descemet’s membrane, and endothelium. A well-defined, acellular layer in 
pre-Descemet’s region known as Dua’s membrane has gained attention recently 
(Table 1.1) [2].

Corneal layers serve specific functions in maintaining the physiology, thereby 
combating the pathology. Epithelium, being the outermost layer, plays a critical role 
in preserving the integrity and transparency of cornea, while stroma provides 
mechanical strength. Endothelium maintains relative dehydration besides being a 
resistant structure for infectious or inflammatory insult and limbal stem cells play a 
vital role in the maintenance of outermost epithelial layer of the cornea (Table 1.2).

Descemet’s membrane is tightly adherent to the posterior surface of the corneal 
stroma and reflects any alteration in the stromal contour. Certain factors could result 
in the rupture of Descemet’s membrane such as compression birth injury, mechani-
cal trauma, etc., subsequently resulting in the ingress of aqueous into the corneal 
stroma, leading to stromal edema.

1.3  Physiological Considerations

1.3.1  Epithelium

Tissue transparency is the structural and functional requisite for refractive property. 
The corneal epithelium along with the tear film maintains an optically smooth sur-
face and protects the underlying layers from infection and impairment. The epithe-
lium possesses remarkable regenerative power to restore any breach in surface 
epithelium, through mitotic activity and cellular migration. The tight desmosome 
connections between the epithelial cells, comprising of “zonula occludens” with 
surface glycocalyx prevent the binding of pathogens and provide a selective barrier 
for penetration of unwanted substances, besides maintaining the corneal deturges-
cence [3].

1.3.2  Stroma

Corneal stroma is sandwiched between two layers which possess distinct structural 
and functional properties. A stratified layer of epithelial cells protects the cornea 
from external environment and tear-borne pathogens while providing the first 
physical barrier. The endothelium lines the inner surface of the stroma toward ante-
rior chamber and is constituted by a fragile single layer of cells with limited regen-
erative capacity.

H. Saxena et al.
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The mechanical strength and optical characteristics of the corneal stroma are 
owing to a unique structure and spatial arrangement of collagen fibers. Corneal 
stromal fibers exhibit a uniform spacing that is maintained by virtue of intramolecu-
lar forces in extracellular matrix (ECM), as well as by a tightly controlled move-
ment of water molecules. Additionally, membrane-active ion transport works to 

Table 1.1 Anatomy of cornea

Corneal layer
Thickness 
(μm)

Embryonic 
origin Composition and function

Epithelium 50–90 Surface 
ectoderm

Uniform layer composed of nonkeratinized 
stratified squamous epithelium, with five or six 
layers of three different types of cells: superficial 
cells, wing cells, and columnar basal cells. It 
provides a smooth regular surface for hydrophilic 
spread of the tear film with each eyelid blink. 
The intercellular tight junction complexes 
prohibit tears from entering the intercellular 
spaces and maintain relative dehydration of 
cornea

Bowman’s 
membrane

8–14 Mesodermal This smooth layer is not a true membrane and is 
acellular condensation of Type I and V collagen 
with proteoglycans and helps the cornea 
maintains its shape. It is relatively resistant to 
infection and injury. It has no regenerative ability

Stroma 500 Neural crest Stroma is made up of keratocytes and ECM, 
which is composed of regularly arranged 
collagens (Type I, III, V, VI) and 
glycosaminoglycans like keratan sulfate, 
chondroitin sulfate, and dermatan sulfate. This 
attributes to the physical strength, stability of 
shape, and transparency of cornea. The uniform 
arrangement and continuous slow turnover of 
collagen fibers in the stroma are essential for 
corneal transparency

Dua’s 
membrane 
(pre- 
Descemet’s 
membrane)

15 It is a well-defined, acellular layer, which is 
impervious to air and provides strength

Descemet’s 
membrane

6–10 Neural crest Descemet’s membrane is elastic and made up of 
Type IV collagen and laminin. It curls on getting 
severed. Endothelial cells continuously secrete 
Descemet’s membrane

Endothelium 5 Neural crest The endothelium is a single layer structure. The 
cells are orderly arranged cuboidal metabolically 
active cells. The endothelial cells contain high 
density of pumps, which maintain relative 
corneal dehydration. Endothelial cells do not 
regenerate.

1 Anatomical, Pathophysiological, and Wound Healing Aspects in Corneal…
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prevent the development of edema and supply the substrates for ongoing metabolic 
activity of its outer stratified epithelium and inner monocellular endothelium.

The corneal stroma is normally maintained in a relatively dehydrated state by 
balancing out of the forces between, inter-fibrillary imbibition of fluid and the fixed 
negatively charged keratan and chondroitin sulfate repelling each other. The swell-
ing tendency is termed as the swelling pressure (SP). Imbibition pressure (IP) is a 
negative force that draws fluid into the stroma. The equation that describes the rela-
tionship between these parameters is: IP = IOP – SP [2].

The corneal stroma swells if the efficiency of the endothelium pump is dimin-
ished or lost, leading to an alteration in the regular interval between collagen fibrils. 
The disturbance in regular arrangement of the inter-fiber distance scatters the light 
passing through cornea and results in haziness.

1.3.3  Endothelium

The corneal endothelium is critical toward preventing stromal edema and maintain-
ing normal corneal thickness, via a membrane-active ion-transport mechanism, 
essential for corneal homeostasis.

A minimum number of functioning endothelial cells is critical to prevent corneal 
swelling and subsequent opacification. This limit has been reported to be 
500–800 cells/mm3 [4]. Endothelial cells contain Na+-K+-ATP-ase on the side-walls, 
which ensures a relatively dehydrated state of the cornea. However, the endothelial 
layer possesses weak mitotic activity and poor regenerative capacity [2].

1.4  Corneal Wound Healing

Status-quo in the corneal anatomical structure is vital toward efficient functioning 
of the physiological, immunological, and optical roles of corneal tissue. The cornea 
being vulnerable to external insults is equipped with an active biodefense system 
and possesses a robust immune system, responsible for wound healing. Being an 
avascular structure, cornea differs from rest of the body in wound healing. Wound 
healing mechanism varies significantly in different layers of cornea, which them-
selves vary mutually, in their anatomical and physiological attributes.

The epithelium healing is consequent to migration and differentiation of limbal 
stem cells without undergoing transformation to morphologically distinct cell types. 
In contrast, during stromal wound healing, the stromal keratocytes differentiate into 
fibroblasts and myofibroblasts; this requires significant recruitment of resident and 
circulating immune cells. Corneal endothelium, unlike any other cellular compo-
nents of cornea, heals by cellular migration and spreading. It may also additionally 
include endothelial–mesenchymal transformation; however, cell proliferation only 
contributes secondarily to this phenomenon [5].

1 Anatomical, Pathophysiological, and Wound Healing Aspects in Corneal…
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1.4.1  Epithelial Healing

1.4.1.1  Cellular Events
The epithelium plays an integral role in maintaining corneal transparency and clear 
vision. Besides, it secretes the epithelial basement membrane which, along with a 
stable and smooth tear film is a prerequisite for a healthy corneal healing. Corneal 
epithelium has a turn-over time of 7–10 days, during which the outermost cells are 
shed into the tear film. Any breach in corneal epithelium accelerates this process 
leading to quicker healing of purely epithelial injuries [2].

Corneal epithelial wound healing entails:

• Cellular migration
• Proliferation
• Adhesion to basement membrane
• Differentiation with cell-layer stratification.

Corneal epithelium is constantly replaced by fresh cells from limbal epithelial 
stem cells (LESC) that exclusively reside in limbus. These cells migrate centripe-
tally to the injured part of the cornea, multiply rapidly, and differentiate into mature 
epithelial cells. As these cells move from the limbus to the central cornea, they also 
differentiate and migrate from the deeper layers to the more superficial ones 
(Fig. 1.1). This process occurs in normal homeostasis as well as wound healing. The 
limbus stem cells participate in the regeneration and maintenance of cornea through 
centripetal cell migration [6]. Deficiencies or damage to LESC, as in cases of chem-
ical burns, lead to alteration in corneal wound healing, stromal neovascularization 
and conjunctivalization of cornea, resulting in corneal opacification [5, 7].

1.4.1.2  Molecular Events
Corneal epithelial healing involves complex interplay of growth factors, cytokine, 
and extra cellular matrix (ECM) and their signal-mediated interactions at the site of 
injury, to restore integrity and homeostasis. Corneal cells express various growth 
factors and cytokines, which have specific effects on epithelial cells. Noteworthy 
among them are epidermal growth factor (EGF), platelet-derived growth factor 
(PDGF), transforming growth factors(TGF) α and β, fibroblast growth factors 
(FGF), acidic fibroblast growth factors (FGF-1) and basic fibroblast growth factors 
(FGF-2), insulin-like growth factor (IGF-I), keratinocyte growth factor (KGF), 

Fig. 1.1 Limbal cell 
migration and epithelial 
healing
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hepatocyte growth factor (HGF), thymosin-β4,(Tβ4), interleukins (IL)-1, -6, and -10, 
and tumor necrosis factor (TNF)-α [5–8]. These factors are up-regulated in corneal 
wound healing, and triggering a cascade of events resulting in migration of epithe-
lial cells [5].

EGF is a polypeptide and a potent stimulator of corneal epithelial cells’ prolif-
eration. It also promotes cellular adhesion to fibronectin matrix [5, 8]. The stimu-
latory effects of EGF are modulated by TGF. It also promotes migration of corneal 
epithelial cells. FGF-2 is a polypeptide growth factor which stimulates the prolif-
eration of several other cells. Matrix metalloproteinases (MMPs) are released 
early during wound healing and initiate the mechanisms to disengage cell–cell 
and cell–matrix adhesion. Interleukins regulate the responses of the immune sys-
tem, evoke inflammation, and vary tissue responses to environmental stimuli. 
They modulate the immune or inflammatory cell activity, both locally and sys-
temically [5].

Cellular migration depends on the controlled interaction of cells, in coherence 
with underlying ECM. The migratory cells attach to the ECM proteins such as fibro-
nectin, tenascin, and laminin, which act as their scaffold [5]. The control is gov-
erned by timely cessation of the cell to cell and cell to matrix attachment. The 
disengagement is done by degradation of matrix proteins. This controlled process of 
attachment and termination of attachment results in cell migration. The epithelial 
basement membrane also has important function in regulating cellular motility. On 
the one hand, the damaged basement membrane (BM) undergoes rearrangement 
and reintegration, along with various chemotactic factors to regulate migration of 
epithelial cells into the wound. On the other hand, discontinuity of the BM results 
in bidirectional passage of the cytokines like TGF-β and PDGF between epithelium 
and the stroma [5, 9].

1.4.2  Epithelial Wound Healing Response

Epithelial wound healing includes a complex cascade of cellular phenomena, 
depending on the severity of affliction. The response of epithelial cells to varied 
grades, types, and duration of insult determines the outcome with reference to 
visual and structural integrity. Any breach in the corneal epithelium can activate a 
series of growth factors (GFs) and cytokines, which are responsible for cellular 
interactions that heal and renew the affected area. The complex dynamic process 
is mediated by fibronectin–integrin interaction and ECM modulation by newly 
expressed enzymes, under control of various cytokines and growth factors [5, 
10–20]. Epithelial wound healing response in common corneal emergencies is 
described below.

1.4.2.1  Corneal Abrasion
An abrasion in cornea is a defect in the continuity of the superficial layers of the 
cornea, not involving the Bowman membrane. The epithelial response to corneal 
abrasion is initiated by retraction of basal and squamous epithelial cells at the 
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margin of the defect with chemotaxis of polymorphonuclear cells (PMN’s) and lim-
bal stem cells.

Migration from the basal to superficial layers is quite rapid, as compared to the 
centripetal movement from the limbus to the corneal center. The normal physiologic 
process of corneal homeostasis is exaggerated in the event of a corneal injury. While 
healing, the corneal epithelial cells flatten, spread, and migrate across the defect 
until it is fully covered. Cellular proliferation begins, approximately 24-h after 
injury and is independent of cellular migration. Limbal stem cells respond by pro-
liferation, giving rise to transient amplifying cells. These cells migrate to fill the 
tissue defect and proliferate to restore the normal corneal integrity [21]. Healing of 
the epithelium is considered to be complete when the regenerated epithelial cells 
anchor themselves to the underlying Bowman membrane. It is only when the base-
ment membrane is secreted and organized during the cellular migration that the 
epithelial cells develop strong, permanent adhesions.

The magnitude and extent of corneal regenerative response to a corneal abrasion 
is directly proportional to the size of the wound. Large epithelial defects bring about 
enhanced amplification in the rate of epithelial cell migration and limbal stem cell 
mitosis. Stevens–Johnson syndrome (SJS), chemical injuries, and contact lens- 
induced keratopathy could result in irreversible limbal damage and hence cause 
delayed corneal wound healing, recurrent corneal epithelial erosions and vascular-
ization, and conjunctival epithelial in-growth [5, 22].

1.4.2.2  Corneal Ulcer
Cornea acts as a physical barrier in protecting intraocular milieu, owing to the tight 
intercellular junctions in the epithelial layer. Discontinuation of normal corneal epi-
thelium associated with necrosis of ulcer base and surrounding tissue leads to for-
mation of corneal ulcer (Fig. 1.2). As the ulcer develops, cellular reorganization and 
proteinase synthesis occur. This causes the loosening of cell adhesion, like desmo-
somes, hemidesmosomes and changes in collagen type VII fibers arrangement [23]. 
The cells assume a flattened morphology and move to fill the defect. Subsequently, 
the distal cells proliferate and migrate to replenish the wound, followed by cellular 
differentiation and stratification. Finally, the cell adhesion structures are remodeled, 
and ECM is synthesized. During the process of epithelial renewal and repair, the 
secretion of ECM components is altered, influencing the expression of MMP. MMPs 
are responsible for catalyzing ECM molecules, such as collagen, proteoglycans, and 
fibronectin, helping to maintain the corneal structure and functions. The expression 
and performance of MMPs are regulated by GF and cytokines, such as IL-1 and 
TGF-b, enabling cell migration and tissue repair (Fig. 1.2) [5, 22].

1.4.2.3  Thermal Burns
Thermal injury results in corneal abrasions. Direct thermal injury to the cornea 
induces collagen shrinkage, with prominent stress lines radiating centrifugally from 
the injury. Epithelial healing response resembles that of abrasion.
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1.4.2.4  Stevens–Johnson Syndrome
SJS is a severe cutaneous adverse reaction (SCAR), a subcategory of adverse drug 
reactions (ADR). The epithelium is damaged both clinically and histologically, at 
an initial stage. It is associated with loose hemidesmosome adhesions. The integrity 
of corneal epithelial tight junctions is based on the interaction between—epithelial 
cells’ derived cytokines, immune cells stromal keratocytes, and tear fluid. The dam-
age to the junctional integrity disrupts existing intercellular equilibrium and results 
in epithelial erosions.

Severe inflammation and dry eye could also lead to damage to the ocular surface 
integrity, mediated by the interaction of keratocytes with cytokines. TNF-α, IL-1, 
and MMP are the key cytokines that are involved in surface damage and repair. IL-1 
is a key inducer of other inflammatory cytokines, including TNF-α and MMP and is 
also up-regulated in dry eye disease [24]. There is late infiltration with lymphocytes 
in the epithelium. TNF-α is secreted by keratocytes or monocyte and macrophage 
cells, which play a vital role in corneal wound healing. SJS is also associated with 
poor limbal stem cells reserve, which promotes conjunctivalization and episodes of 
recurrent erosions [25].

1.4.2.5  Chemical Injuries
An ocular chemical injury results when a corrosive substance comes in contact 
with the eye and/or peri-ocular tissues. The pathophysiological event starts with 
an abnormally rapid change of tissue pH (Fig. 1.3). Alkaline agents contain the 
“hydroxyl ion,” which brings about saponification of fatty-acids in the cell mem-
branes and results in cellular disruption; the alkalis, in general, penetrate the tis-
sue deeper than acids. Once the epithelium is compromised, alkaline solutions 
penetrate more rapidly into the underlying tissues, destroying proteoglycan 

Fig. 1.2 Wound healing response in corneal ulcer
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ground substance and the collagen matrix. Acidic agents denature tissue proteins, 
resulting in a coagulation necrosis and resulting in the formation of a barrier that 
prevents further tissue penetration [26]. Alkalis, on the other hand, continue 
unabated tissue destruction, due to the lack of formation of a similar chemically-
induced tissue-barrier.

The lysis of cell membrane results in release of chemotactic and inflammatory 
mediators, such as interleukins, leukotrienes, and prostaglandins initiating a rapid 
immunological response. Within the first few hours after corneal epithelial injury, 
the margin of intact epithelium propagates fine extensions toward the site of injury 
[27]. Fibronectin and other proteins from the tear film are laid on the corneal stroma 
or intact Bowman’s membrane. Marginal, basal epithelial cells attain motility by 
losing hemi-desmosomal attachments. They migrate centripetally into the denuded 
zone, carrying layers of cells. When the entire epithelium has been denuded and the 
LSCs have been wiped out—it is the conjunctival epithelium that acts as the source 
to replenish corneal epithelial layer. Once re-epithelization of the cornea is com-
pleted by conjunctival epithelium, a phenotypic change in the cellular structure 
takes place by the process of trans-differentiation. Gradually pseudostratified 
columnar conjunctival epithelium becomes pseudostratified squamous, and there is 
an attrition of goblet cells. After this, vascularization of the healing tissue occurs, 
with return of goblet cells and conjunctivalization of the corneal surface. This is 
initiated and catalyzed by the damage of limbal stem cells due to chemical injury 
(Flow Diagram 1.1).

Direct chemical injury to the conjunctiva would result in scarring, symblepha-
ron, and cicatrix formation. Destruction of conjunctival goblet cells and limbal stem 
cells results in dry eyes, corneal opacification, and neovascularization due to loss of 
progenitor epithelial cells. The wound healing response depends on the severity of 
chemical burns. The determining factor is the extent and severity of damage to con-
junctiva, limbus, and corneal tissue—epithelial and stromal. Factors like degree of 
limbal ischemia and corneal haze, depth of corneal involvement, presence of endo-
thelial injury are prognostic indicators. As the severity of the burn increases, the 
healing response also increases [28].

1.4.2.6  Contact Lens Wear
Prolonged use of contact lenses causes limited oxygenation from the atmosphere 
and results in switching of aerobic to anaerobic metabolism with consequent accu-
mulation of lactic acid in corneal tissue. Corneal edema results because of epithelial 

Fig. 1.3 Wound healing response in acute chemical injury
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hypoxia, hypercapnia, and recurrent trauma due to improper fitting or over-wear, or 
a combination of these factors. Chronic use can stimulate angiogenesis and related 
complications [14].

1.4.3  Stromal Wound Healing

1.4.3.1  Cellular Events
Corneal stroma is unique in structural integrity by virtue of regular array of collagen 
fibers interspersed in extracellular matrix. The collagen secretes a procollagen triple 
helix into the extracellular space, synthesizes glycosaminoglycans (GAGs), as well 
as maintains the transparency. Keratocytes, upon transformation secrete MMP, 
which along with various growth factors, like EGFs and TGFs, participate in ECM 
remodeling and eventually in corneal wound healing. Continuous interactions 
(cross-talk) between the epithelium and stroma play a vital role in the repair of stro-
mal injury. This complex and orchestrated process comprises:

 1. Keratocyte death and repopulation
 2. Sequential transformation of keratocytes into fibroblasts and myofibroblasts
 3. Immigration of limbal and circulating immune cells
 4. Remodeling of the corneal ECM structure.

Necrosis of conjunctiva and corneal epithelium

Disruption and occlusion of the limbal vasculature

Loss of limbal stem cells

Conjunctivalization and vascularization of the
corneal surface

Persistent corneal epithelial defect
with sterile corneal ulceration

Repair and scarring

Chemical Injury
Flow Diagram 1.1 Cascade 
of events in acute 
chemical burn
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1.4.3.2  Molecular Events
Corneal stromal wounds are common outcome of trauma, infection, and surgeries. 
Healing of stroma is synonymous to remodeling. Stromal remodeling is initiated by 
direct damage to the stromal cells or/and indirectly by release of mediators due to 
damage to the corneal epithelium. Injury to epithelium activates release of inflam-
matory and profibrotic cytokines and growth factors like IL-1, TNF-α, PDGF, TGF- 
β, and IGF-1. On the one hand, these mediators cause apoptosis of keratocytes and 
induce chemotaxis of PMNs and macrophages. While, on the other hand, they facil-
itate activation of cell cycle of keratocytes with acquirement of contractile proper-
ties, resulting in trans-differentiation to myofibroblasts. Additionally, they assist in 
production of ECM-degrading enzymes which promote stromal remodeling. 
Stromal remodeling involves neighboring cells to fill void thereby to close the 
wound and ECM changes for rearrangement of collagen lamellae. These sequences 
of events are reflected in fibrotic response of stroma [2, 5].

1.4.4  Stromal Wound Healing Response

Similar to epithelial wound healing response, physiological response in stromal 
wound healing largely depends on extent and severity of affliction. Thus, the final 
outcome with regard to optical clarity is dependent on restoration of regular colla-
gen organization, which is disturbed at the site of injury. The stromal wound healing 
response in different corneal emergencies is described in detail.

1.4.4.1  Corneal Ulcer
Three different pathways [2, 5] which bring about the degradation of collagen fibers 
of stroma during infectious ulceration are:

 1. Direct degradation of the corneal stroma, by collagenase enzyme produced by 
various microorganisms causing infectious keratitis.

 2. Degradation of stroma by MMPs released from keratocytes, which are transdif-
ferentiated into myofibroblasts. This trans-differentiation is activated by various 
factors such as elastase, produced by bacteria or other pathogens causing ulcers.

 3. Infiltration of inflammatory cells in corneal stroma, which leads to activation of 
various pathways. Both keratocytes and infiltrated cells secrete cytokines and 
growth factors that modulate the response of cells in the healing of corneal stroma.

Keratocytes trans-differentiate into myofibroblasts in response to corneal stro-
mal injury and actively secrete matrix components. A fibrotic response involves 
rapid contraction of the wound and closure of the defect by activated keratocytes 
(fibroblasts) followed by tissue scarring. Corneal scarring thus heals the tissue, but 
fails to restore optical clarity. Based on the depth of cornea involved in the ulcer-
ation, various types of corneal opacities may occur, namely, nebular (50% stromal 
involvement), or leukomatous (>75% stromal involvement) [29].
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Some corneal ulcers extend to the deeper tissues rapidly and involve full thick-
ness of the corneal stroma, sparing the Descemet’s membrane. The Descemet’s 
membrane resists the inflammatory process, but yields to the intraocular pressure in 
the absence of adjoining support and subsequently bulges through the corneal ulcer 
in the form of a transparent membrane, known as descemetocele. This may eventu-
ally perforate, if there is a spike in the intraocular pressure, even transiently because 
of any strenuous activity.

1.4.4.2  Peripheral Ulcerative Keratitis (PUK)
It is a progressive peripheral necrosis of the corneal stroma, through immune 
complex mediated activation of the complement pathway resulting in chemotactic 
recruitment of inflammatory cells, i.e., neutrophils, lymphocytes, and macro-
phages (Flow Diagram 1.2). Collagenase and protease released by the neutrophils 
and macrophages destroy corneal stroma. Stromal keratocytes produce matrix 
metalloproteases under influence of proinflammatory cytokines and induce break-
down of tissue. The peripheral cornea, unlike the avascular central cornea, is in 
close proximity to the limbal conjunctiva and hence a source of immune compe-
tent cells. Any external stimulus inducing inflammation in the peripheral cornea 
may initiate local and systemic immune responses, resulting in neutrophil chemo-
taxis and complement pathway activation. This is the major pathophysiologic 
mechanism of PUK, which results in tissue degradation and corneal stromal 
necrosis brought about by the by proteolytic enzymes, secreted predominantly by 
neutrophils [30, 31].

Histopathology of the conjunctiva adjacent to a PUK lesion reveals numerous 
lymphocytes, plasma cells, and mast cells in various stages of degranulation and 
phagocytic vacuole formation. Leukocyte infiltrations are observed in the advancing 
edge of the lesion. Bowman’s membrane and the epithelium overlying the lesion are 
lysed, and infrequently, all that eventually remains is Descemet’s membrane. Once 

Inflammatory stimulus in peripheral cornea

Activation of cellular and humoral immunity

Increase in vascular permeability
and neutrophilic invasion

Release of proteolytic and
collagenolytic enzymes

Collagen destruction

Corneal thinning

Conjunctival
inflammation

Flow Diagram 1.2 Patho-
physiological mechanisms 
in PUK
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healing is completed, conjunctival epithelium and vessels grow over the residual 
thinned corneal stromal lamellae [32].

1.4.4.3  Corneal Lacerations
Mechanical corneal trauma involving the deeper stromal layer constitutes corneal 
laceration. Apoptosis and epithelial injury of the corneal cells lead to the disruption 
of their attachment to the basement membrane. Subsequently, cells from the wound 
margin in their response to this insult flatten and begin centripetal migration 
(Fig. 1.4). The sliding of cells is accompanied by restoration of cellular adhesions, 
which covers the wound. These cells then undergo proliferation and differentiation 
to restore the integrity [33]. Laying down of a temporary ECM during wound heal-
ing facilitates epithelial migration and covers the wound with fibronectin, fibrin, and 
hyaluronic acid. During the final phase, the cells induce new hemidesmosomes’ 
formation, for anchorage and integrity [21].

After epithelial injury keratocyte apoptosis, beneath the wound, is the first 
response seen in corneal stroma, initiated by cytokines, such as IL-1, from damaged 
epithelial cells [33]. Activation of surrounding keratocytes results in their differen-
tiation into fibroblasts. These then begin to migrate toward the site of injury and 
subsequently proliferate and repopulate. Various growth factors mediate corneal 
wound healing, including TGF-β, PDGF, FGF-2, and EGF. As soon as the stromal 
wound closure, mediated by myofibroblast/fibroblast is completed, the density of 
myofibroblasts reduces in the stroma. Stromal remodeling occurs in an attempt to 
restore transparency [7]. As a result, the disorganized scar-tissue matrix is gradually 
replaced by regular and optically clear corneal ECM.

1.4.4.4  Refractive Surgeries
The usual cascade of events in photorefractive keratectomy (PRK) initiates with 
death of keratocytes, activation of inflammatory pathway, stromal cell activation 
beyond the ablation zone, infiltration by immune cells, and myofibroblast forma-
tion. Although the cornea is flattened out, thus changing its refractive properties; the 
epithelium regrows, with the absence of Bowman’s layer and increased thickness of 
stroma. Initial epithelial coverage is fairly rapid, but the epithelial basement mem-
brane restoration, nerve regeneration, and stromal remodeling are time-consuming 
processes [5]. Haze occurs in all patients initially, due to complex biological events, 

Fig. 1.4 Wound healing response in corneal laceration
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which involve TGF-β induced myofibroblasts and excessive ECM production, dur-
ing remodeling of stroma [34]. Most patients of corneal refractive surgeries have an 
uneventful postoperative period. However, persistent stromal haze occurs, when 
previously accumulated excessive stromal matrix and residual wound healing cells 
fail to regress (Flow Diagram 1.3).

In Laser assisted in-situ keratomileusis (LASIK), stromal remodeling occurs at 
the flap margin, and haze is usually absent, except in complicated cases [5]. 
Myofibroblasts appear transiently mainly at the flap margin, with increased produc-
tion of MMP and fibrotic ECM accumulation. Collagen, basement membrane com-
ponents, and tenascin-C are laid down to further reinforce flap-adhesion [5]. Flap 
margin displays fibrotic changes whereas interface of the flap displays a hypocel-
lular scar, with scant fibrotic ECM deposition [5, 18]. Contrary to PRK, LASIK is 
associated with minimal corneal haze in uncomplicated cases. In Flap procedures, 
proliferation and apoptosis of keratocytes occur within the stroma, both above and 
beneath the flap interface as opposed to PRK, where keratocyte apoptosis occurs in 
the anterior stroma and its proliferation occurring in the peripheral and posterior 
stroma [19].

1.4.4.5  Acute Chemical Injuries
The basic pathophysiological cascade of events in acute chemical injuries is an 
outcome of change in tissue pH and subsequent tissue damage. After a chemical 
burn, number of keratocytes increase by mitosis, and newer ones migrate toward the 
area of injury, under an intact epithelium. EGF and FGFs both contribute in the 
production of new collagen and proteoglycans by the keratocytes. The newly formed 
collagen is type I, which is not same as that of the intrinsic collagen, which results 
in formation of scar and decreases the transmission of light [13]. In chemical burns 
of lesser severity, the complex mechanisms by which the stroma responds lead to 
minimal scarring. However, in severe chemical injuries, with long chemical contact 

Corneal incision, flap creation, photoablation

Damage to corneal nerves

Loss of innervationWallerian degeneration

Varied restoration of
corneal sensation and
corneal nerves

Apoptosis of keratocytes

Keratocytes differentiation,
proliferation and migration

Tissue remodeling

Induced astigmatism Corneal haze

Flow Diagram 1.3 Cascade of events after corneal refractive surgeries
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time and maximal variances from physiological pH, the overwhelming stromal 
response is that of degradation or melting (Fig. 1.3).

1.4.4.6  Advanced Corneal Ectasia
Fragmentation of the epithelial basement membrane, axial stromal thinning, and 
breaks in Bowman’s membrane, with consequent scarring—are the primary struc-
tural changes, involved in advanced corneal ectasia [16]. There is marked reduction 
in number of collagen fibers and loss of normal quiescent phenotype of keratocytes 
with ongoing depletion. The cellular involvement is through disruption of collagen 
fibers, lamellae, and proteoglycans. Stretching of Descemet’s membrane can lead to 
breaks and subsequent acute hydrops [16, 35]. Endothelial cells demonstrate con-
siderable pleomorphism and polymegathism which can be correlated with severity 
and duration of disease. Pathophysiological processes are mediated through acti-
vated caspase pathways and mitochondrial deoxyribonucleic acid (DNA) damage. 
Oxidative stress could activate degradative enzymes and that of tissue inhibitors like 
MMP. Additionally, there is over-expression of inflammatory cytokine mediators 
mainly IL-6 and TNF-α [16, 17].

1.4.4.7  Corneal Transplantation
Surgical corneal wounds trigger a complex healing process, involving inflamma-
tion, cell-signaling activation, production and release of various cytokines, apopto-
sis, proliferation, and migration. This is followed by adhesion, differentiation, and 
remodeling of the ECM. Corneal transplantation results in a long-term reduction of 
central endothelial cells. This is due to a depletion of the peripheral storage zone 
with relatively higher endothelial cell densities. Human corneal wound does not 
heal simply by re-anastomosis of the severed ends of collagen lamellae. Rather, it 
takes place by the deposition of a provisional matrix, intercalating with the existing 
lamellae, within the wound site. Hence, the wound architecture does play a role in 
the healing process, involved in penetrating keratoplasty. After keratoplasty, the lev-
els of type III collagen and large proteoglycans in the regenerating area are increased 
and gradually decrease as the reconstruction process proceeds [19, 36].

Following persistent epithelial defects or wound dehiscence after penetrating 
keratoplasty, the corneal epithelial cells rapidly migrate to fill the incisional gap. 
Keratocytes synthesize new ECM, following their migration into the wound where 
they transform into myofibroblast-like cells. The epithelial plug is gradually 
replaced by this newly synthesized ECM.  The sensory nerve function does not 
recover fully after penetrating keratoplasty (PKP) until 1 year [37], which could 
account for the delayed epithelial healing [18, 36].

1.4.4.8  Corneal Graft Rejection
Cornea is considered an “immune privileged,” tissue; a feature that is critical for a 
successful corneal transplantation. Following are the important factors which form 
the basis of relative success of corneal transplantation and the reason for which it is 
considered as “immune privileged” [38–40].

H. Saxena et al.



21

 1. Bone-marrow derived group of specialized macrophages, known as Dendritic 
Langerhans cells, are absent in the central cornea. These cells are implicated in 
antigen processing and result in graft rejection.

 2. The cornea expresses lesser extent of major histocompatibility complex (MHC) 
antigens, as compared to other body parts.

 3. The cornea is an avascular structure, which limits access of lymphocytes and 
other immune responsive cells.

 4. The immunomodulatory factors and neuropeptides; mainly TGF-β2 and 
α-melanocyte stimulating hormone (α-MSH), produced by stromal keratocytes 
function by inhibiting T-cell and complement pathway activation.

 5. The expression of CD95 (Fas) ligand induces apoptosis of activated T cells, add-
ing to immune privilege.

 6. Anterior chamber-associated immune deviation (ACAID) is a specialized mech-
anism for suppression of systemic immune response to the antigens present in 
anterior chamber.

In spite of all the immune privileges corneal graft rejection is not uncommon in 
clinical practice. The aforementioned factors can be compromised by prolonged 
inflammation, secondary glaucoma, extensive vascularization, and other local and 
systemic risk factors. This results in establishment of lymphatic drainage channels 
to cervical lymph nodes, Langerhans cells’ (LCs) migration into the cornea, resi-
dent epithelial LCs and stromal dendritic cells’ (DCs) maturation, which may then 
function as antigen presenting cells (APCs) to initiate immune surveillance. 
Consequently, there is up-regulation of proinflammatory cytokines, like IL-1 and 
TNF-α, which later accentuate MHC expression and maturation of DCs, thereby 
upregulating the expression of adhesion and chemotactic factors [38, 39, 40]. This 
unique physiological response is the cause of graft rejection in high-risk corneal 
transplantation.

1.4.5  Endothelial Wound Healing

1.4.5.1  Cellular Events
Corneal endothelium is integral to maintenance of deturgescence and corneal trans-
parency. Consequent to an acute or chronic tissue insult, the reconstitution of an 
intact and functional, monolayer of endothelium, is paramount for the sustenance of 
corneal transparency. Cell migration and enlargement (pleomorphism and poly-
megathism) chiefly cause endothelial wound healing, rather than by cellular prolif-
eration [41].

Healing occurs in three stages [5, 7, 25]:

 1. Stage I (0–3 days) is characterized by an initial covering of the wound by cells. 
These cells are pleomorphic spindle-shaped cells, but with incomplete barrier 
function and less pump density.
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 2. Stage II (4–7 days) is characterized by cells assuming a flattened configuration, 
an irregular polygonal shape, and eventually establishing a normal pump-, site 
density and barrier function.

 3. Stage III (8–30 days): Remodeling and rearrangement of the endothelial cell 
monolayer occur in the final stages of healing, followed by an exchange of adja-
cent cells by sliding past one another.

1.4.5.2  Molecular Events
Endothelial wound healing mainly occurs by enlargement in the cell size and change 
in shape of the cell along with migration of these cells to the injured site. In the pres-
ence of endothelial cell injury, adjacent cells initiate repair by extending their mem-
branes toward the wound area. This process continues until cells migrate and the 
affected area is covered requiring cells to attain a temporary contractile and migra-
tory properties subsequently achieved by endothelial–mesenchymal transformation 
(EnMT) [5]. EnMT is characterized by cytoskeleton reorganization, increased cell 
motility and cell junction destabilization, and is mediated by TGF-β, EGF, FGF-2, 
IL-1β, TGF-β2, PDGF-BB, and VEGF [5, 25].

1.4.6  Endothelial Wound Healing Response

Endothelium as opposed to other corneal layers has the lowest regenerative capac-
ity. Therefore, for repair of damaged endothelial cells, the remaining cells migrate 
and enlarge, to remodel the cellular monolayer. Consequently, barrier function of 
the cells is re-established and their pumping activity is resumed. It is important to 
study the endothelial would healing response in the background of the following 
clinical situations.

1.4.6.1  Corneal Perforation
Corneal ulcer often perforates when the patient suddenly exerts, such as during 
coughing, sneezing, or straining. Due to rapid increase in intraocular pressure, an 
already compromised corneal tissue gives way through the ulcer bed. Smaller per-
forations result in the iris plugging the same, which may later organize into an 
adherent scar tissue resulting in formation of “pseudocornea.” If the perforation is 
large, the iris prolapses out and healing in such cases results in formation of adher-
ent leukoma. The cicatricial tissue is not strong enough to withstand raised intraocu-
lar pressure and the scar tissue becomes ectatic and gradually bulges forward, 
resulting in the formation of anterior staphyloma.

In view of negligible mitotic activity, the endothelial wounds heal by reorganiza-
tion and enlargement of the surrounding remaining cells. As soon as the defect is 
covered, the endothelial cells resume their pumping activity and a fresh basement 
membrane is deposited underneath.
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Following corneal injury, the phenomenon of EnMT ensues, wherein the usually 
quiescent endothelial cells attain fibroblast-like characteristics and begin to prolifer-
ate. This is characterized by loss of apical-basal polarity, loss of cell-junctions, and 
actin-skeleton reorganization [2, 33]. The process relies on TGF-β, IL-1β, and 
FGF-2. EnMT leads to the deposition of fibrous ECM (retrocorneal fibrous mem-
brane), posterior to Descemet’s membrane leading to endothelial cells loss and cor-
neal opacification secondary to ECM deposition [25, 33].

1.4.6.2  Refractive Surgery
Laser-based keratorefractive surgery usually results in none or minimal endothelial 
changes. But if it is performed on a thin cornea, it induces acute, temporary endo-
thelial cell stress (increased polymegathism and decreased pleomorphism) as a 
response to healing. Besides, it results in the loss of barrier function, resulting from 
the shockwave produced by laser ablation. However, long-term endothelial cell 
effects have not been linked to refractive laser surgery [18, 19].

1.4.6.3  Contact Lens Associated Corneal Edema
Secondary to extended contact lens wear, acute reversible corneal edema could 
occur and if continued, would potentially result in signs of endothelial cell stress, 
namely increased polymegathism and decreased pleomorphism. The corneal 
endothelium employs the same carbohydrate metabolic pathway for energy gen-
eration, as the corneal epithelium. However, the oxidative activity and metabolic 
demand of the endothelial cell, to carry out transport function is five to six times 
higher compared to that of the epithelial cell. Atmospheric oxygen remains the 
predominant source of oxygen for the endothelium. Interruption in source of sup-
ply by limited oxygen transmissible contact lenses would eventually result in a 
shift toward anaerobic metabolism, a concurrent rise in the stromal levels of lactic 
acid and CO2, and a subsequent drop in stromal pH [15]. Hypoxia further inhibits 
endothelial Na/K- ATPase. Acute reversible changes observed due to hypoxia 
result in stromal swelling, endothelial dysfunction, and endothelial blebbing. 
Chronic hypoxia would eventually result in irreversible endothelial polymegath-
ism and pleomorphism [14].

1.4.6.4  Advanced Corneal Ectasia
Acute corneal hydrops is caused by the acute disruption of Descemet’s membrane 
in corneal ectasia, resulting in compromised barrier function of the Descemet’s 
membrane. This results in fluid uptake by the overlying corneal stroma, causing 
focal corneal edema of acute hydrops. Healing occurs by EnMT mediated by growth 
factors. Ensuing scar is largely dependent on extent of Descemet’s membrane 
rupture.
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1.5  Limbus: Anatomical Considerations and Response 
to Wound Healing

Limbus is a highly vascular zone of transition between the cornea and sclera, com-
prising of reservoir of pluripotent stem cells. The limbal cells are present in two 
compartments, namely proliferative and non-proliferative. The proliferative com-
partment houses stem cells that amplify in a transient manner. The post mitotic and 
terminally differentiated cells constitute the non-proliferative compartment. The 
“palisades of Vogt” are basement membrane undulations, which provide enhanced 
vascularity and surface area for adhesion, and protection until the cells are called 
into action [2].

Peripheral cornea, owing to its proximity to the limbus and conjunctival lym-
phoid tissue, displays a unique characteristic. Thus, limbal infections, vascular 
inflammatory disorders, collagen vascular disorders, local degenerations, and neo-
plastic diseases may affect the peripheral cornea in a distinctive way. Circulating 
immune complexes in the blood, in the patients with collagen vascular disease, 
could deposit at the ends of limbal vessels by virtue of their size and the retentive 
molecular sieving properties of the cornea.

Limbal stem cells along with corneal epithelium act as a barrier thereby prevent-
ing migration of the conjunctival epithelial cells over the cornea, keeping a check on 
conjunctivalization of the cornea. Ocular surface conditions that cause a loss of 
limbal stem cells (e.g., ocular cicatricial pemphigoid, SJS, and alkali burns) result 
in conjunctival epithelium growing over the cornea [10].

It is hence prudent to examine the wound healing response of limbus in corneal 
emergencies; particularly in the following situations:

1.5.1  Stevens–Johnson Syndrome

The exact pathophysiology of SJS is unknown. Majority of cases of SJS are attribut-
able to a delayed hypersensitivity reactions to a drug or its metabolite. The drug in 
question or its metabolite is processed by keratocytes and presented to CD8 cyto-
toxic T cells via the major histocompatibility (MHC) class I complex [11]. The 
primed cytotoxic T cells initiate the signaling cascade and ensuing severe inflamma-
tory reaction, involving small blood vessels and epithelium.

1.5.2  PUK

It is a destructive inflammation of the juxtalimbal corneal stroma. The pathophysiol-
ogy implicated in PUK is mediated via both humoral and cell-mediated pathways 
[2]. Deposition of circulating immune complexes, inflammatory response to corneal 
antigens, and hypersensitivity reactions to exogenous antigens are other mecha-
nisms involved in the pathogenesis of PUK.
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1.6  Corneal Innervation and Applied Aspects

The cornea is one of the densely innervated tissues in the body [2, 42]. Corneal 
neuronal plexuses are integral to normal physiological functioning of corneal layers 
including tissue vitality and tissue repair. There are two principles set of nerve seg-
ments responsible for corneal innervation, namely sensory and autonomic sympa-
thetic systems [42]. Corneal sensory nerves are primarily derived from the ciliary 
branches of the ophthalmic division of trigeminal nerve. Deep peripheral stroma is 
penetrated by the corneal nerve fibers radially and which then course anteriorly, 
resulting in the formation of a terminal sub-epithelial plexus [2]. The myelination of 
the nerve fibers is quickly lost, within a short distance from their entry point into the 
cornea, from where they penetrate Bowman’s layer, and eventually terminate at the 
winged-cell layer of the corneal epithelium. Any breach in the superficial corneal 
epithelium exposes the terminal nerve endings and results in severe ocular pain and 
lacrimation in conditions with epithelial defects [2, 42].

Corneal innervation also plays an important role in wound healing. The dense 
sensory innervation of trigeminal origin contains the substance P, which is a sensory 
neurotransmitter, and regulates plasma extravasation, histamine release from mast 
cells, and vasodilatation [42]. Depletion of neuropeptides from sensory nerve termi-
nals delays the healing rate of corneal wounds. Recent studies have shown that 
IGF-1 and substance P containing eyedrops administration could be an effective 
treatment in cases with persistent epithelial defects, especially in individuals with 
diabetic neuropathy or neurotrophic keratopathy [43].

For the maintenance of corneal integrity, the presence of corneal sensations is 
vital. Abnormalities such as trauma, infection, surgery, or inflammation could 
adversely affect the corneal sensation. Loss of sensation often results in disruption 
of the normal corneal integrity. Persistent epithelial defects or delayed corneal 
wound healing are frequently seen in patients with a reduced corneal sensation, 
such as those with herpes simplex or herpes zoster virus as well as in diabetes mel-
litus. Furthermore, frank corneal ulceration has been documented to occur in anes-
thetized eyes and in the rare instances of topical anesthetic abuse. These observations 
emphasize the role of neural regulation in the maintenance and repair of the corneal 
epithelium [2, 42].

1.7  Corneal Vascular System

Corneal avascularity is a prominent factor, which renders the cornea transparent. 
Although the normal cornea is devoid of blood vessels, but there is an important 
bearing of hematological factors over corneal metabolism and wound healing. The 
anterior ciliary artery, a branch of ophthalmic artery, constitutes limbal vascular 
arcade that anastomoses with blood vessels derived from the facial branch [2]. The 
cornea is, therefore, supplied by both the internal and external carotid systems. 
Oxygen is primarily supplied via diffusion from the tear film and the aqueous as 
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well as limbal blood vessels. When the transparent corneal stroma is perforated by 
new abnormal vessels from the limbus, it results in loss of corneal transparency. 
Corneal neovascularization may result from inflammation associated with condi-
tions such as trauma, microbial infection, chemical burns, or from LSC deficiency 
and can cause visual impairment [2].

1.8  Conclusion

Human cornea is undoubtedly a marvel in human body. A detailed understanding of 
anatomical and pathophysiological aspects of tissue damage in corneal emergencies 
is of great importance to elucidate the disease process and subsequent complica-
tions. Additionally, it is imperative to understand the complexities of cellular and 
biochemical pathways that coordinate the corneal wound healing response. Delving 
into the details of cellular events of corneal inflammation, its consequences, corneal 
wound healing, and the outcome of healing response is important in initiating 
appropriate therapeutic interventions and overall prognosis of patients. It is crucial 
that ophthalmologists acknowledge the importance of this firm and resilient, yet 
vulnerable tissue while performing medical and surgical interventions.

Key Points
• Corneal layers have specific function in maintaining the anatomical and physio-

logical integrity, thereby combating the pathology.
• Corneal emergencies can be a cause of permanent damage to anatomical and 

physiological integrity of cornea, leading to opacification and scar formation
• Cellular and molecular events play an important role in wound healing of epithe-

lium, stroma, and endothelium.
• The epithelial healing is consequent to migration and differentiation of LSC 

without undergoing transformation to different cell types.
• Stromal wounds heal with transformation of stromal keratocytes to fibroblasts 

and myofibroblasts.
• Corneal endothelium heals by cell migration and spreading, and endothelial–

mesenchymal transformation, however cell proliferation plays a secondary role.
• With the lowest regenerative capacity the wound healing response of endothe-

lium differs from other layers.
• Corneal avascularity and dense innervation have special implications in wound 

healing response to such emergencies.

Acknowledgement Figures drawn by Dr. Sajith Haridas.
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2.1  Introduction

Corneal emergencies are commonly encountered entities that can be a potential 
cause of visual and structural deprivation. Cornea is the most exposed part of the 
eye and is commonly involved in injuries, infections, and systemic diseases. The 
symptoms may vary from minor pain or blurring to severe pain and total loss of 
vision. Certain emergencies like recurrent corneal erosion syndrome may present 
with extreme pain and discomfort but have limited potential for severe vision loss if 
managed adequately. However, other corneal emergencies like mechanical/chemi-
cal injuries, microbial keratitis, postsurgical causes, advanced corneal ectasias, etc. 
can be associated with significant visual impairment. Knowledge regarding their 
epidemiological determinants and risk factors can guide in designing preventive 
strategies, appropriate treatment, and timely referral.

The commonest cause of corneal emergency presenting for acute intervention 
has been reported to be a mechanical injury. Causative factors which have been 
identified include corneal abrasions, foreign bodies, laceration, and perforation. 
Most serious corneal injuries are caused by blunt objects, large sharp objects, small 
flying particles, or burns. Ocular emergency cases constitute approximately 3% of 
all emergency department visits, 80% of such cases of trauma involve corneal 
injury [1, 2].

Globally, approximately 1.6 million people get blind from eye injuries, 2.3 mil-
lion with bilateral visual impairment, and 19 million with unilateral vision loss [3]. 
Age group comprising 18–45 years constitutes nearly one-half (48%) of all reported 
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eye injuries. In addition, subjects of less than 18 years constitute 25% of cases while 
27% occur in people aged 46 years and older. Males are at four times greater risk of 
eye injury than females [4]. 40–60% higher risk of ocular injury is seen in Black 
people as compared to white people [5].

2.2  Minor Corneal Emergencies

Minor corneal emergencies include corneal abrasions, foreign body, recurrent cor-
neal erosions, and phototoxicity, of which a major proportion is constituted by cor-
neal abrasions and foreign bodies.

2.2.1  Epidemiology

Corneal abrasions are common corneal emergencies of all age groups with a higher 
incidence seen in working-age groups. Automotive industry workers in the age 
group of 20 and 29 years have been reported to have the highest incidence of eye 
injuries [6]. In a study in the USA, the most common injury to the eye was abrasion 
(44.4%), followed by foreign body (30.8%) [6]. Recurrent corneal erosions usually 
present with acute episodes of pain and foreign body sensation on first opening the 
eyes in the morning. The patient, usually a young female, between 30 and 40 years 
of age is so incapacitated that the activities of daily living are not possible during the 
acute event. Incidence of recurrent corneal erosion is more frequently seen in 
females than in males [7]. Recurrent corneal erosions usually have a bilateral pre-
sentation and present after the fourth decade but certain anterior corneal dystro-
phies, such as Reis-Buckler’s and lattice dystrophies can present as painful recurrent 
erosions in early childhood.

2.2.2  Risk Factors

Direct trauma to the ocular surface, foreign bodies, and contact lens wear are the 
main risk factors associated with corneal abrasions. Various mechanisms which pre-
dispose the eye for direct trauma include fingernail injury, injury by plant branches, 
animal claws, and chemical splashes.

A foreign body such as dust, rust, or glass particle stuck under the eyelid can also 
lead to corneal abrasion. Recurrent corneal erosion can occur either post corneal 
trauma or spontaneously. Epithelial basement membrane dystrophy, diabetes mel-
litus, focal mechanical trauma to the corneal epithelium, and surgical trauma of the 
corneal epithelium are important risk factors for recurrent corneal erosions. Common 
associations which predispose the eye for recurrent corneal erosions include rosa-
cea, blepharitis, and dry eye disease. Most of the risk factors are preventable, treat-
able and the recurrences can be managed with minimal or no loss of vision.
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2.3  Corneal Lacerations and Penetrating Injuries

Spectrum of corneal injuries can range from minor injuries to major vision and eye 
threatening trauma. Corneal laceration is a partial- or full-thickness injury to the 
cornea while penetrating injuries involve the full thickness of the cornea. There may 
be associated injuries which may include iridodialysis, hyphema, lens dislocation 
and cataract formation, vitreous hemorrhage or retinal detachment depending on the 
severity of the injury. Various types of injuries affecting the cornea have been 
reported as in Table 2.1 [8–10].

2.3.1  Epidemiology

Incidence of mechanical trauma with associated ocular involvement in the Indian 
population has been reported to be 57 cases per 10,000 in a year [11]. Penetrating 
eye injury can occur in individuals of any age, but data from USEIR demonstrate 
that the mean age of the patient with ocular injury is 29 years, with nearly 60% 
being younger than 30 years of age [12]. Moreover, penetrating injury is the leading 
cause of unilateral visual loss in children. The male sex has been found to be more 
prone to ocular injuries ranging from 63 to 77.4% [13]. Pediatric ocular trauma 
study from central India revealed a mean age of 8.74 ± 3.93 years with males being 
more commonly involved. Children from rural areas were observed to have a 1.5 
times higher risk of ocular injuries than children from urban areas [13]. While with 
reference to socioeconomic status, higher prevalence was observed among the lower 
socioeconomic group [13]. Interestingly, Black and Hispanic races have a 40–60% 
higher risk of ocular injury as compared to the white race and are at more than twice 
the risk of sustaining impaired vision from the injury [14]. Incidences of trauma 
have been correlated with an increase in temperature, thus more likely in warmer 
months particularly swimming pool chemicals and refrigerants, suggesting a sea-
sonal dependent exposure.

Types of trauma associated with corneal emergencies:
•  Occupational injuries with metals, like Chisel and 

Hammer injury, Screwdriver or instrumental injury
• Domestic injuries like Road traffic accidents and Falls
• Occupational or Domestic injuries with chemicals
• Farming injury, Thorn injury
• Childhood injuries like
   Scissor point injuries
   Fireworks
   Bow and Arrow injury
   Chemical injury (e.g., chuna packet injury)

Table 2.1 Types of injuries 
affecting the cornea
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2.3.2  Risk Factors

Corneal laceration and penetrating injuries may occur when high-speed projectile 
objects such as saws, stone, angle grinder, or pounding metal objects hit the cornea 
with an adequate force causing a breach in the cornea layers. Common causes of 
corneal lacerations are fingernails, air-bag deployment, fireworks, explosions, blunt 
force trauma, and pellets. Young adults in the working-age group are mostly involved 
in occupational injuries or domestic injuries while working with metallic objects, 
moving items, or by assaults. While elder ones are more prone to falls and the risk 
of ocular injury is more in operated patients especially post keratoplasty. Firecracker 
injuries are one of the commonly seen causes of childhood corneal trauma particu-
larly during religious festivals [15]. In a retrospective study to document the profile 
of ocular firework injuries in children during the festive season of Diwali in Southern 
India, corneal trauma constituted more than 50% of cases [15]. Sports-related inju-
ries have been seen to be commoner amongst children aged 5–14 years and a major-
ity of them involve the cornea. The commonest cause of trauma in such cases has 
been reported to be wooden and sharp objects including bow and arrows, broken 
toys, and playtime activities [10, 13].

2.4  Microbial Keratitis

Corneal ulcers are common medical emergencies presenting to an ophthalmologist, 
which can lead to surgical emergencies like corneal perforation and sloughing.

2.4.1  Epidemiology

The incidence of microbial keratitis varies largely between geographical locations 
depending on the climatic conditions. The reported incidence varies from 10/lakh- 
persons/year in the USA to 799/lakh-persons/year in Nepal, the average age of 
patients being 45 years [16, 17]. However, the average age may vary according to 
risk factors as in contact lens users where age incidence may be low as opposed to 
ocular surface disease where the same may be high. The average age may also vary 
significantly according to infection type. In bacterial and viral keratitis, the average 
age is higher as compared to Acanthamoeba keratitis. This low average age could be 
due to the predisposition of younger age group CL wearers to Acanthamoeba.

Bacterial keratitis is the most common form of microbial keratitis, accounting 
for 90–95% of cases with the highest reported cases in temperate climate regions. A 
large study from India reported a male-to-female ratio of 2.25:1 with patients mostly 
in the middle age (30–40 years) at a tertiary care hospital [18]. Female preponder-
ance in the incidence of microbial keratitis has been reported by Ibrahim et al. [19] 
Keratitis in patients aged 18 years and younger has been reported to be associated 
more with trauma (48.3%) and in young adults with contact lens wear (64%) [20]. 
A study from Taiwan reported a peak incidence of microbial keratitis between the 
ages of 18 and 40 years [21]. Bimodal incidence in the age distribution has been 
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reported and attributed to contact lens-related keratitis, corneal trauma in the 
younger group, and predisposing ocular surface diseases, eyelid diseases in the 
older group [22]. A higher incidence of keratitis among housewives (21.3%), fol-
lowed by farmers (16.6%), laborers (14.6%), and carpenters (10.6%) has been 
reported by Tiwari et al. [23].

Seasonal variation in microbial keratitis has been reported by various authors. 
A study from Pennsylvania reported increased incidence during spring and 
decreased incidence during winter [24]. In South India, fungal keratitis peaked 
in July and January without any significant trend in bacterial keratitis [25]. In 
France, severe keratitis occurred more in periods of heatwaves during summer 
time [26].

Significant variability exists between the incidence of pathological agents within 
India. In a study from South India by Lin et al., fungal infections accounted for 63% 
of all cases of microbial keratitis, while bacterial etiology resulted in only 35.7%. 
On the contrary, 65.1% and 34.9% were the proportions of bacterial and fungal 
infections, respectively, in a study from Ahmadabad in western India [23, 25]. 
Filamentous fungi such as Fusarium and Aspergillus spp. contributes to the major-
ity of fungal keratitis in India. In a study from Southern India, the most common 
fungal pathogens were Fusarium (47.1%) and Aspergillus (16.1%) [27]. While in 
another study from South India the most common fungal species isolated were 
Fusarium (37.2%) and Aspergillus (30.7%) [28]. In studies from other developing 
countries, the prevalence of fungal ulcer ranged from 5 to 60% of microbial corneal 
ulcers [29–31]. In temperate regions, Fungi cause keratitis in about 6% of patients 
but figure more prominently in tropical regions [32].

2.4.2  Risk Factors

Microbial keratitis is rare in absence of predisposing factors. In India, microbial 
keratitis is ten times more common than in the USA [33]. This difference is believed 
to be due to risk factors such as humid climate and corneal trauma. Ocular trauma, 
contact lens use, tear film abnormalities, use of topical steroid medications, ocular 
surgery, and neurotrophic keratopathy are some of the common predisposing factors 
associated with bacterial and mycotic keratitis. Globally predisposing factors for 
microbial keratitis vary tremendously with geographical location. In the USA, con-
tact lens wear has emerged as a major risk factor for microbial keratitis and non- 
surgical trauma constitutes only 27% of cases whereas non-surgical trauma 
accounted for 48.6–65.4% of all corneal ulcers in the developing countries of Nepal 
and India [27, 34]. The agrarian population or manual laborers are at a higher risk 
of corneal ulcer with trauma being the most common risk factor. The Hong Kong 
Keratitis Study Group studied 223 cases in 1997–1998, the main risk factors were 
history of ocular surface disease followed by trauma, and the most prevalent caus-
ative bacteria were Pseudomonas [35]. Bullous keratopathy is a significant risk fac-
tor for the development and progression of corneal ulcer. Luchs and associates 
reported that approximately 4.7% of patients with bullous keratopathy had a corneal 
ulcer during a 10-year period [36].
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The microbial etiology pattern also differs geographically. Early diagnosis of 
mycotic keratitis is a pre-requisite for adequate treatment, it involves familiarity 
with predisposing risk factors. Ocular trauma particularly with vegetative materials 
is the most common inciting factor in addition to other predisposing factors like 
ocular surface diseases, lacrimal sac pathologies, use of topical and systemic ste-
roids, contact lens use, immune-compromised status, and humid climatic condi-
tions. Ocular trauma, heat and sunlight, menstruation, stress, infectious disease, and 
immunocompromised states are considered as predisposing factors for severe dis-
ease and reactivation of viral keratitis.

Diabetes Mellitus (DM) is an important risk factor for microbial keratitis. They 
have been shown to have higher infections than non-diabetic counterparts [37, 38]. 
DM is postulated to cause damage to the corneal barrier function and impaired epi-
thelial healing thus increasing the susceptibility to infection. Topical use of anti-
glaucoma agents has been described as a risk factor for microbial keratitis [39]. 
Microbial keratitis associated with HIV is descriptive of incidence of ulcerative 
keratitis in human immunodeficiency virus-positive patients as 238.1 per 100,000 
person-years [40].

2.5  Corneal Perforations

Corneal perforations are grave ocular emergencies with myriad causes such as 
trauma, infection, autoimmune and ocular diseases. Severe keratitis, either infective 
or non-infective can lead to thinning and consequent corneal perforation. Microbial 
keratitis constitutes a major cause of corneal perforation.

2.5.1  Epidemiology

Young adults in the working age group are mostly involved in occupational injuries 
or domestic injuries while working with metallic objects, moving items, or by 
assaults. Identifiable predisposing factors of perforation in microbial keratitis are 
mean age of 40–44.8 years, male sex, rural residence, outdoor manual occupation 
are associated with risk of corneal perforation [41].

2.5.2  Risk Factors

Outdoor manual work, ocular trauma particularly with a history of organic matter, 
and illiteracy are well-established risk factors associated with a higher likelihood of 
perforated corneal ulcers especially in developing countries [19, 27]. In an Indian 
study, ocular trauma was seen to be associated with over 90% of mycotic ulcers and 
more than 50% of these were from vegetative injuries [42]. Tree branches, paddy 
grains, and thorns were the commonest agricultural matter implicated in these cases.
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Failure to implement standard therapy at first contact, delay in initiation of defin-
itive treatment, and absence of use of fortified antibiotics has been mentioned as a 
treatment-related risk factor for corneal perforation. In a study from South India, 
primary treatment failure (i.e., progressive worsening of the ulcer despite maximal 
medical treatment) or infiltrate size >14 mm2 or associated hypopyon at presenta-
tion were observed as major risk factors associated with corneal perforations [43].

Other risk factors include alcohol use, vision less than counting fingers at presen-
tation, central corneal ulcers, iatrogenic trauma during corneal foreign body removal 
or surgery, peripheral ulcerative keratitis, neurotrophic keratitis, and pellucid mar-
ginal degeneration. Fungal keratitis constitutes a special group of microbial keratitis 
with a higher risk for corneal perforations. The Mycotic Ulcer Treatment Trial 
(MUTT II) identified three major risk factors for developing a perforation or a need 
for TPK in cases with fungal keratitis as hypopyon at presentation, presence of a 
posterior infiltrate, or a larger geometric size of the infiltrate [44].

2.6  Acute Chemical Injuries

Ocular chemical injuries produce extensive damage to the ocular surface, cornea, 
anterior segment, and limbal stem cells resulting in a guarded visual prognosis. 
Chemical injuries occur commonly in domestic as well as industrial places. More 
than 60% of chemical injuries occur in workplace accidents, 30% occur at home, 
and 10% are the result of an assault [45]. Chemical injuries constitute 11.5–22.1% 
of all ocular injuries [46].

2.6.1  Epidemiology

The incidence of burns to the eye has been reported to be 10.7 per 100,000 popula-
tion and such cases represent an estimated 10% of ocular trauma treated in emer-
gency [47]. Studies from the UK and Germany indicate males aged 16–25 years to 
be affected more by chemical injuries [2, 48]. A study of severe chemical eye inju-
ries in China found that nearly 70% of patients hospitalized for chemical burns were 
the result of alkali agents, including lime and sodium hydroxide (NaOH). Ethnicity, 
culture, geographic influence, and the types of chemicals used frequently are the 
important determinants of outcome (Table 2.2) [49].

In a retrospective study to analyze the epidemiology of chemical injuries, indus-
trial trauma has been observed to contribute almost double to total cases of chemical 
ocular burn in comparison to household injuries [50]. Young people in the age group 
of 20–40 years are more likely to be involved in such injuries. Males are three times 
more prone to chemical injuries as compared to females [51, 52]. However, McGwin 
et al. observed eye injuries from chemicals and compounds to be more common 
among females (19.5%) than males (10.6%) [53]. In recent past, automotive battery 
acid burns have emerged as a common cause of ocular chemical injury. Bursting of 
chuna packets can cause severe ocular alkali burns in children as has been reported 
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by Agarwal et al. [54]. Children have been reported to be affected by household 
cleaning agents and leading causes of injury from consumer products among this 
age group [55].

2.6.2  Risk Factors

Various chemicals have been implicated such as alkalis, acids, or neutral agents 
[56]. Common agents of acidic ocular burns include sulfuric, hydrochloric, hydro-
fluoric, and battery acids while common alkaline agents include calcium hydroxide, 
cement or lime, sodium hydroxide (present in oven cleaners and drain cleaners), 
chlorine bleach (sodium hypochlorite), and ammonia products. Alkalis are the most 
common and with the most damaging potential as they are found more commonly 
in building materials and cleaning agents. Other common agents include solvents/
paints, detergents, antipersonnel sprays, adhesives, bleach, automotive battery acid, 
plaster, and ammonia. A unique form of chemical injury is seen mostly in children 
in the Indian subcontinent by Chuna. Chuna or calcium hydroxide is a common 
source of chemical injury as it is readily available domestically in all parts of India 
[55]. The child usually gets injured by a projectile of large quantities of the material 
directly into the eye while pressing the packet. Workers in chemical factories and 
agricultural industries are at greater risk for ocular chemical injuries because of 
higher chances of accidental exposure. The use of extremely caustic solutions such 
as ammonia has been documented in assaults. Rare incidences of injury by uncom-
mon agents like super glue also have been reported [57].

2.7  Emergencies Associated with Corneal Transplantation

Corneal transplantation is one of the most successful forms of human solid-tissue 
transplantation. Immunological rejections are the main contributing factor for 
higher failure rates in penetrating keratoplasty leading to graft failure, followed by 
late endothelial failure and ocular surface disorders.

Table 2.2  Types of chemicals frequently associated with corneal injuries

Chemical substance (formula) Available as
Alkali
Ammonia (NH3) Fertilizers, Refrigerants, Chemical Reagents
Potassium Hydroxide (KOH) Caustic Potash
Lye (NaOH) Drain Cleaners
Lime (Ca(OH)2) Chuna, Whitewash, Cement, Plaster and Mortar
Magnesium Hydroxide (Mg(OH)2) Fireworks like Sparklers and Flares
Acid
Hydrochloric Acid (HCl) Chemical Reagents, Toilet Cleaner
Sulfuric Acid (H2SO4) Battery Acid, Dairy Agent
Acetic Acid (CH3COOH) Glacial Acetic Acid, Vinegar
Hydrofluoric Acid (HF) Industrial Reagent in Glass Polishing
Sulfurous Acid (H2SO3) Fruit or Vegetable Preservative, Bleach
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2.7.1  Epidemiology

Fairer prognosis of graft survival has been reported in the younger age group rang-
ing between 21 and 40 years as opposed to older patients according to a study on 
Australian eyes [58]. Male recipients have been observed to have a higher risk of 
graft failure as compared to females [59].

2.7.2  Risk Factor

Postoperative patients especially post keratoplasty are prone to ocular damage fol-
lowing even trivial trauma. Other factors may predispose such patients to emer-
gency situations like the use of topical steroids, reactivation of herpes simplex 
infection, etc. Loose suture (pain and foreign body sensation) and rejection 
(decreased vision) as other common causes for emergency visits [60]. Graft infec-
tion is usually associated with loose sutures. Loose sutures or removal of sutures 
can lead to infections as well as precipitate graft rejection. The major risk factors for 
graft infection other than loose sutures are persistent epithelial defects (PED) and 
the presence of ocular surface disorders. Other diagnoses noted in the emergency 
visits were wound leak, corneal abrasion, corneal ulcer, flat anterior chamber, uve-
itis, high intraocular pressure, and endophthalmitis [60].

Most of the graft infections are caused by Staphylococcus epidermidis species 
[61]. Fungal infections can either recur or can occur due to long-term steroid use. 
Similarly, Herpes Simplex keratitis can recur in the host graft junction and many a 
time may be indistinguishable from graft rejections. Patients with corneal vascular-
ization have a higher risk of rejection. Other factors include a previous keratoplasty, 
pre-existing herpes simplex keratitis, uveitis, synechiae, or increased surgical 
manipulation leading to excessive postoperative inflammation. Poor compliance to 
medications particularly steroids is also a known risk factor for graft rejection.

Allograft rejection is a major cause of corneal graft failure, necessitating prompt 
diagnosis and treatment. At least 10% of graft failures are due to graft rejection. 
Most of the patients with graft rejection have risk factors and the patients with high- 
risk criteria need to be counseled regarding the predisposition. Patients with corneal 
vascularization have a higher risk of rejection and can get an earlier onset than those 
without vascularization. The severity can be quantified in terms of quadrants 
involved with more than two quadrants of deep stromal vascularization considered 
as “High Risk.” Other factors include a previous keratoplasty, pre-existing herpes 
simplex keratitis, uveitis, synechiae, or increased surgical manipulation leading to 
excessive postoperative inflammation.

2.8  Acute Graft Rejection

Acute graft rejection is a complex immunological process. It occurs when the host’s 
immune system recognizes alloantigen from the corneal graft leading to an immune 
response against the graft which could lead to rejection. One of the major 
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postoperative complications following keratoplasty is immunological rejection and 
one of the main causes of corneal graft failure.

2.8.1  Epidemiology

The incidence of graft rejection differs widely depending on the type of transplan-
tation and the presence of risk factors for rejection. Incidences of graft rejection 
are lower in endothelial keratoplasty as compared to penetrating keratoplasty. 
Williams et al. reported that the failure of the graft due to irreversible rejection 
was 28% for penetrating keratoplasty, 1.7% for deep anterior lamellar kerato-
plasty, 13% for Descemet Stripping Endothelial Keratoplasty (DSEK), and 9% for 
Descemet Membrane Endothelial Keratoplasty (DMEK) [62]. In penetrating ker-
atoplasty graft rejection rate ranges from 2.3 to 68% while in DMEK incidence 
has been reported to have a rejection rate as low as 0.7% at 1 year in one series 
[63, 64]. According to the Cornea Donor Study, 23% of subjects reported at least 
one rejection episode and 37% of the eyes with a rejection had graft failure 
reported in a 5-year follow-up [65]. Infants have a higher risk of graft rejection as 
compared to adults. Female recipients have a higher probability of rejection as 
compared to males. No racial predilection has been reported in cases of acute 
graft rejection.

2.8.2  Risk Factor

A younger recipient age group, history of previously failed penetrating keratoplasty, 
ocular comorbidities like herpetic eye disease, the presence of ocular inflammation, 
deep stromal vascularization, anterior synechiae, history of glaucoma, systemic 
metabolic disorders like diabetes are the most established risk factors for acute graft 
rejection. The indication per se of keratoplasty and the concurrent surgical proce-
dures being performed also affects the risk of rejection. Poor compliance with 
immunosuppression therapy is associated with higher rates of graft rejection. The 
donor factors like donor age, gender, race, ABO blood type compatibility, method 
of cornea retrieval, and timing of use of the graft are not directly correlated to a 
higher risk of graft failure according to the Cornea Donor Study [66, 67].

2.9  Post-surgical Corneal Wound Dehiscence

Post-surgical corneal wound dehiscence is an important complication after kerato-
plasty. It could result in graft failure due to direct damage to the endothelial cells or 
as a consequence of secondary inflammation.
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2.9.1  Epidemiology

The incidence of traumatic wound dehiscence after PK is reported between 1.3 and 
2.6% [68]. A large review of wound dehiscence found that only 3.2% had dehis-
cence in DALK cases. In studies, the 50–60 years age group has been reported to be 
more susceptible for postsurgical corneal wound dehiscence. Males are more prone 
to traumatic corneal wound dehiscence as compared to females. No racial predilec-
tion has been reported [69].

2.9.2  Risk Factors

Trauma is the most common risk factor for corneal wound dehiscence. Other risk 
factors include early suture removal, infection, and graft–host junction disparity. 
Socially and physically active lifestyles of men attribute them to being more prone 
to traumatic wound dehiscence. Graft indications such as keratoconus, corneal scar, 
and herpes simplex keratitis are also found to be at greater risk for postsurgical 
traumatic wound dehiscence. The risk of postsurgical corneal wound dehiscence is 
less in endothelial grafts, as a small corneoscleral limbal incision is being used for 
graft placement.

Long-term steroid usage, elevated intraocular pressure, and multiple grafts are 
the most important risk factors for graft dehiscence. Suture techniques including 
continuous suture removal and suture material like nylon with lower tissue reactiv-
ity are associated with a higher risk of wound dehiscence [69]. Neglect of intraop-
erative factors like head positioning and flap irrigation and post-operative use of eye 
shield, preventive measures are also considered significant risk factors for early 
postoperative wound dehiscence.

2.10  Contact Lens-Associated Corneal Emergency

Contact lens-induced keratitis is one of the most serious complications seen to be 
associated with poor contact lens wear practices. Sterile corneal infiltrates, corneal 
neovascularization, corneal warping, edema, corneal de-epithelization are the other 
complications of contact lens usage.

2.10.1  Epidemiology

In a study from Hongkong, the annual incidence of infectious keratitis was reported 
as 3.4 per 10,000 in contact lens wearers [70]. Due to increasing rates of contact 
lens usage, the annual incidence of infectious keratitis in the developed world has 
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been increased up to 2–11 per 100,000 per year [71]. Most patients are in the age 
group between 20 and 29 years [72]. Contact lens-associated corneal infiltrative 
events (CIE) are more common in younger lens wearers. Male sex is associated with 
about a 1.4-fold greater risk for developing a CIE [73] while higher socioeconomic 
status is reported to have a 2.7–4.1-fold increased risk of infectious keratitis and 
CIE [74]. The incidence of corneal ulceration in contact lens wearers has been 
reported to be 130.4 per 100,000 person-years [75].

2.10.2  Risk Factor

Lack of lens hygiene practice, overnight use of lenses, exposure to contaminated 
water, lens cases or both are significant risk factors for the development of contact 
lens-induced keratitis and subsequent risk of corneal ulcerations. Silicone hydrogel 
materials have double the risk of keratitis as compared to poly-HEMA-based hydro-
gel materials. The keratitis risk increases by four- to eightfold during extended wear 
due to Lens bioburden [76]. Patients with a higher level of ametropia, smokers, 
previous history of contact lens-induced keratitis are at higher risk of developing 
corneal infiltrative events.

2.11  Peripheral Ulcerative Keratitis

Peripheral ulcerative keratitis is a devastating ocular inflammation of the peripheral 
part of cornea. Peripheral ulcerative keratitis is usually associated with a systemic 
illness. A high index of suspicion and a thorough systemic evaluation are necessary 
to rule out the underlying cause.

2.11.1  Epidemiology

A study from England reported an incidence of peripheral ulcerative keratitis (PUK) 
as 3 per million per year [77]. PUK caused by Mooren ulcer is commoner in males 
as compared to females. Age is variable and dependent on the associated risk factor 
with no racial predilection reported.

2.11.2  Risk Factors

The most common risk factors associated with PUK are connective tissue disorders 
and vasculitis like rheumatoid arthritis, polyarteritis nodosa, inflammatory bowel 
disease, systemic lupus erythematosus, relapsing polychondritis, progressive sys-
temic fibrosis, ANCA vasculitides, granulomatosis with polyangiitis, and 
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Churg–Strauss syndrome. The commonest among them is rheumatoid arthritis, 
which has been observed to be present in 34–42% of PUK patients. Ocular factors 
like exposure, bad ocular surface, and infections like herpes simplex or herpes zos-
ter are local risk factors. Apart from systemic associations, local ocular infectious 
conditions (e.g., herpes simplex keratitis, fungal keratitis), noninfectious entities 
(e.g., Mooren ulcer, marginal keratitis), and systemic infectious diseases (e.g., hepa-
titis, syphilis, tuberculosis) are important causative factors. Additionally, it can be 
triggered by environmental factors in genetically susceptible individuals [78]. 
Associations have also been reported among Mooren’s ulcer, helminthiasis, and 
ocular injuries [79, 80].

2.12  Emergency in Advanced Corneal Ectasia

Corneal ectasia includes conditions characterized by progressive thinning and bulg-
ing of the cornea and can lead to moderate to severe impairment of vision. It includes 
keratoconus, pellucid marginal degeneration, Terrien’s marginal degeneration, kera-
toglobus , and ectasias following surgery.

2.12.1  Epidemiology

The prevalence of keratoconus ranges from 0.5 to 2.3 per 1000 population in 
Western countries according to Rabinowitz, while worldwide the prevalence of 
keratoconus is 1.38 per 1000 [81]. The mean age is reported as 18–24 years in Asian 
countries. A higher prevalence is seen in males as compared to females. The preva-
lence of keratoconus in Asian populations is about four times higher than other 
ethnic populations with the highest prevalence reported in the Mediterranean region 
and the Middle East, including Iran [82]. Pellucid marginal degeneration is a rare 
disorder, more common in 20–40 years males and is characterized by inferior cor-
neal thinning.

2.12.2  Risk Factor

One of the most important risk factors for keratoconus is eye rubbing in addition to 
positive family history. Risk factors for ectasia consequent to post-refractive sur-
gery include both surgery and patient-specific characteristics, such as topographic 
and tomographic abnormalities, younger age, thinner preoperative corneas, and 
residual stromal beds, high myopia, and higher percentage tissue altered. 
Additionally, genetic predisposition has been evaluated for corneal ectasia, and 
various genes and inflammatory biomolecular markers related to corneal biome-
chanical integrity have been implicated.
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2.13  Stevens–Johnson Syndrome

Stevens–Johnson Syndrome (SJS) is a devastating although rare condition affecting 
the ocular surface. It is a severe, immunological reaction, usually to drugs, and is 
associated with widespread destruction of the epidermis and mucous membrane.

2.13.1  Epidemiology

The incidence of SJS is approximately 1–6 cases per million persons per year, and 
the overall mortality rate is 20–25% [83]. It has been reported that Asian patients are 
at a twofold higher risk of SJS compared with Caucasians. One case-control study 
reported that, of all the medicines that precipitate SJS, the antibacterial sulfon-
amides had an excess risk of 4.5 cases/million exposed people per week [84].

2.13.2  Risk Factor

Human leukocyte antigen (HLA) types may predispose patients to adverse drug 
reactions. HLA-B*1502 allele has a strong association with carbamazepine-induced 
SJS in the Han Chinese population. The presence of HLA-B*1502, HLA-C*0602, 
or HLA-C*0801 alleles has been associated with trimethoprim/sulfamethoxazole- 
induced SJS [85]. The risk factors for developing SJS are radiotherapy, collagen 
vascular disease, transplantation, and herpes infection. Drugs are implicated for 
most of the cases, with sulphonamides still the leading agent, but nearly 40% of 
cases do not have any identifiable cause. About 50–80% of patients with SJS have 
been observed to have ocular involvement in the acute phase. Pre-existing ocular 
surface disturbance and immunological activity are the risk factors that may cause 
corneal melting and can lead to perforation.

2.14  Vitamin A Deficiency and Xerophthalmia

Vitamin A deficiency (VAD) is a major health problem mainly in developing coun-
tries like ours. As per WHO guidelines, if the prevalence of Bitot’s spots among the 
under 6-year age group children is 0.5% or more, it indicates a significant disease 
burden. It is usually seen in ages 1–4 years and such children have a high risk of not 
only visual morbidity but also mortality.

2.14.1  Epidemiology

Globally, the incidence of xerophthalmia has been estimated at 350,000 cases annu-
ally; however, a major proportion from this cohort of children who have VAD severe 
enough to cause bilateral corneal melting, perforation, and blindness have very high 
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mortality rate within the first year of becoming blind. To report an accurate estimate 
of the incidence of xerophthalmia is difficult owing to the synergy of VAD and 
measles infection that usually results in xerophthalmia and the multifactorial etiol-
ogy of corneal disease. The WHO estimated that about 254 million children have 
Vitamin A deficiency and 2.8 million children have Xerophthalmia [86]. In popula-
tion-based surveys from the past decade, some of the lowest estimates of serum 
VAD have been obtained in China with the highest estimates in areas of South and 
Southeast Asia including India where deficiency is almost universal in some of the 
areas surveyed. The incidence of xerophthalmia in many parts of the world has been 
declining over the previous few decades. The reason could be because of mass sup-
plementation with vitamin A, various national level prevention programs, and 
improvements in the availability of foods containing vitamin A.

2.14.2  Risk Factors

Preschool children with comparatively higher requirements for growth and with low 
body store of vitamin A are susceptible to VAD and hence xerophthalmia in addition 
to neonates and pregnant women with relatively increased demand of vitamin 
A. Peak prevalence of xerophthalmia have been observed around 3–4 years of age 
[87]. Africans are four times more susceptible to VAD and xerophthalmia in com-
parison to South-East Asians. Rural habit, poor infant feeding practices, several 
infections, including measles, diarrhea, and respiratory tract infection, systemic dis-
eases, parenteral illiteracy, inappropriate antenatal care and economically stressed 
communities are other risk factors associated with VAD and xerophthalmia.

2.15  Conclusion

A systematic and careful documentation and screening of risk factors helps in find-
ing the etiology in corneal emergencies. Trauma is the leading cause of corneal 
emergencies. It could be a minor injury, and especially if associated with the vegeta-
tive matter may be associated with devastating fungal infection leading to corneal 
perforation and even phthisis. Detection of rare causes like vitamin A deficiency, 
Stevens–Johnson syndrome, etc., if diagnosed and treated early can prevent signifi-
cant morbidity and even mortality.

Key Points
• All age groups can present with corneal emergencies, with trauma being the most 

common risk factor.
• Children are prone to diseases like Vitamin A deficiency, trauma, and chemical 

injury especially with chemicals like Chuna (lime).
• Fungal infections are common in Agrarian occupations
• Drug reactions, steroid abuse and systemic predisposition need to be carefully 

screened for.
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3.1  Introduction

Corneal blindness is the fourth leading cause of blindness globally (5.1%) as per 
World Health Organization [1].The major causes of corneal blindness include cor-
neal trauma, vitamin A deficiency, infectious keratitis, congenital disease, and use 
of traditional medicine or home remedies, which often harm the eye rather than 
relieve pain or improve eyesight [2, 3]. In developing countries, corneal scars 
(28.1%) and active keratitis (12.2%) often contribute a major proportion of this 
burden [4].

Corneal trauma is the most significant cause of unilateral loss of vision in devel-
oping countries, and up to 5% of all bilateral blindness has been attributed to direct 
ocular trauma [1]. Xerophthalmia and ophthalmia neonatorum were important 
causes of corneal blindness in children [2]. Besides these conditions some rare con-
ditions that could lead to corneal blindness include acute corneal hydrops, corneal 
graft failure, toxic keratitis, and congenital corneal abnormalities.Most of these 
cases present to the ophthalmic casualty services or cornea clinic as an acute emer-
gency with the complaint of acute vision loss that needs immediate assessment and 
management [5–11]. A major factor that decides the outcome in such conditions is 
the delay in treatment in seeking a cornea consult or a lack of logistics such as 
instruments and devices. Hence, it is important that both the ophthalmic casualty 
services and cornea clinic have adequate facilities to appropriately investigate and 
manage these patients, as any delay in treatment may affect the final visual outcome 
and result in life-long visual handicap.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5876-1_3&domain=pdf
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3.2  Clinic Setup

The cornea clinic or ophthalmic casualty service must have every basic stuff to man-
age acute emergencies. The first thing while planning to set up a cornea emergency 
set up is working space. Ideally, there should be separate designated spaces/rooms 
for initial assessment and triage; basic examination such as slit lamp, non-contact 
tonometry, visual acuity; and interventions such as saline wash for chemical injury, 
tissue adhesive and bandaged contact lens application for management of small 
corneal perforation, and foreign body removal. Every corneal emergency service 
must have an access to a fully equipped operation room (OR) prepared to take up 
cases under local as well as general anesthesia.

3.2.1  Equipment and Manpower

Ideally, every corneal emergency service must have a triage room to start with. An 
expert nursing staff, and an intern or ophthalmology resident for initial assessment 
and segregation of patients depending on the urgency of intervention should man 
the triage room. The examination and investigation room should have all the inves-
tigative tools required for evaluation of patients presenting with corneal emergen-
cies including visual acuity assessment chart, photo slit lamp biomicroscope, 
indirect ophthalmoscope, non-contact tonometer, ultrasound B scan (8–10  Hz), 
anterior segment optical coherence tomography (ASOCT), and pachymeter 
(Table 3.1). Slit lamp anterior segment photography serves as an important tool for 
objective documentation of microscopic and obscure details of the transparent, 

Table 3.1 Investigative tools required in ophthalmic emergency services and cornea clinic

S. No. Investigative Tools Purpose
1 Visual acuity assessment 

chart
Baseline visual acuity assessment and counseling as well 
as prognostication of the patients

2 Slit lamp biomicroscope 
(preferably with camera)

Baseline detailed ocular examination and documentation 
with slit lamp photography (if possible)

3 Indirect ophthalmoscope Fundus examination
4 Non-contact tonometer Assessment of intra-ocular pressure as often the patients 

may have an epithelial defect where contact procedure like 
applanation tonometry is contraindicated

5 Ultrasound B scan 
(8–10 Hz)

Posterior segment evaluation as media is often haze in 
these cases

6 Anterior segment optical 
coherence tomography

For detailed assessment of cornea as well as anterior 
chamber details

7 Pachymeter For assessment of corneal thickness especially in cases of 
graft rejection for further monitoring of response to 
treatment
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translucent, and opaque structures of the ocular tissue. Ultrasound B scan imaging 
assists in the evaluation of the posterior segment of the eye specially in cases with 
non-transparent media as well as for the integrity of the posterior lens capsule. 
ASOCT provides qualitative and quantitative assessment of the anterior segment. 
Advantages of the ASOCT include the non-contact capture system that causes mini-
mal discomfort in corneal emergency patients while providing high-resolution 
cross-sections images of the anterior segment. ASOCT is very helpful in cases with 
poor corneal clarity for detailed evaluation of cornea as well as the anterior cham-
ber.Measurement of corneal thickness using pachymeter is especially useful in 
evaluation of cases with corneal emergencies secondary to refractive or transplanta-
tion procedures. An expert optometrist and a cornea fellow should be there, round 
the clock, for performing any investigation and appropriate examination.

It is prudent to equip the emergency room with an autoclave for emergency ster-
ilization specially of surgical instruments. Additionally, adequate provision of bio-
medical waste disposal should be ensured with training of medical and support staff 
for efficient conduction of biomedical waste disposal.

Visual acuity assessment is necessary in all cases followed by detailed slit lamp 
examination. Media is often hazy hence indirect ophthalmoscopy or ultrasound B 
scan is required in most cases for posterior segment evaluation. Cases presenting 
with graft rejection require a baseline pachymetry assessment to document treat-
ment response after starting systemic steroid therapy (Table 3.2).

Management of cases with corneal emergencies often necessitates the multidis-
ciplinary approach. Integration of ancillary departments including microbiology, 
radiology, anesthesia, plastic surgery, and pediatrics is necessary to deal with 
prompt referral and urgent systemic evaluation and management. This kind of mul-
tidisciplinary approach often speeds up the evaluation and treatment process which 
is a pre-requisite for dealing with corneal emergencies.

3.2.2  Consumables

The consumable items that should be available for assessment of patients include 
fluorescein strips, Schirmer strips, 23/26/30-gauge needle, Kimura spatula, glass 
slides, cotton tipped applicators, culture plates [blood agar, chocolate agar, 
Sabouraud dextrose agar (SDA)], and litmus paper. The uses of these items have 
been highlighted in Table 3.3. Apart from this, hand gloves, hand wash, and alcohol- 
based hand sanitizer for maintaining hand hygiene in between examination of two 
patients is essential. Therapeutic procedures that can be performed in the ophthal-
mic emergency outpatient department (OPD) include application of tissue adhesive 
with bandage contact lens in cases of small corneal perforation [12]. Hence, keeping 
a cyanoacrylate glue and bandage contact lens in stock can be beneficial. Also, 
availability of fibrin glue facilitates bedside application of amniotic membrane graft 
especially in cases of acute Steven–Johnson Syndrome with ocular involvement [13].
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Table 3.2 List of equipment and consumables required for performing minor procedure in casu-
alty OPD for corneal emergencies

S. no. Minor procedures Equipment and consumables required
1 Corneal scraping 1. Slit lamp biomicroscope

2. Eye drop Proparacaine
3. Eye speculum
4. 23-gauge needle/15 number blade/Kimura spatula
5.  Culture media—Blood agar, chocolate agar, SDA 

agar, Nutrient broth
6. Glass slides

2 Corneal foreign body removal 1. Slit lamp biomicroscope
2. Eye drop Proparacaine
3. Eye speculum
4. 26-gauge needle and 2 ml syringe

3 Saline wash in acute chemical 
injury of eye

1. Eye drop Proparacaine
2. Litmus paper
3. Dessmarres retractor
4. Plain forceps
5. IV stand
6. Normal saline bottles
7. Eye speculum

4 Corneal gluing 1. Eye drop Proparacaine
2. Eye speculum
3. 30-gauge needle and a 2 ml syringe
4. N-butyl-cyanoacrylate glue
5. Bandage contact lens

5 Corneal suture removal 1. Eye drop Proparacaine
2. Eye speculum
3. 26-gauge needle and 2 ml syringe
4. McPherson forceps

A sterile intervention room or minor OT well equipped with the facility of autoclaving and medical 
waste disposal system is a basic pre-requisite required to facilitate immediate interventions while 
dealing with corneal emergency cases

Table 3.3 Consumable items required in ophthalmic emergency services and cornea clinic

S. no. Consumables Purpose
1 Fluorescein strips Better assessment of epithelial defects on slit lamp 

examination after staining with fluorescein
2 23-gauge needle and Kimura 

spatula
Performing corneal scraping in cases of corneal ulcer

3 Glass slides Preparing smears of obtained specimen from corneal 
scraping

4 Blood agar, Chocolate agar, 
Sabouraud dextrose agar

Direct plating of the obtained specimen from corneal 
scraping
Direct plating improves sensitivity of culture test

5 26/30-gauge needle For removal of superficial corneal foreign body
6 Litmus paper For checking the pH of tear in cases of chemical 

injury
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3.2.3  Drugs

Medicines required in emergency include antiseptic ophthalmic solutions (such as 
povidone-iodine 10% w/v and 5% w/v), topical anesthetic eye drops (such as pro-
paracaine 0.5%), fortified antibiotics, sodium citrate 20%, sodium ascorbate 20%, 
injectable dexamethasone, methylprednisolone and mannitol, tablet acetazolamide, 
normal saline, and balanced salt solution (Table 3.4). In-house availability of these 
essential drugs reduce the lag between diagnosing a patient and initiating therapy in 
cases presenting with corneal emergency conditions especially corneal ulcer, chem-
ical injury, and acute graft rejection [10, 11].

3.2.4  Instruments

Surgical instruments that are often required while assessing these patients include 
an eye speculum, McPherson forceps, Lims forceps, globe holding forceps, and 
Desmarres retractor. The eye speculum, preferably self-retaining with locking 
system, is essential for performing corneal scraping in cases of keratitis and saline 
wash in patients presenting with chemical injury, McPherson for removing loose 
corneal sutures and Desmarres for double eversion of lid in cases of chemical 
injury, and visualizing the fornix to rule out impacted chuna/foreign particles 
[11, 14–16].

Table 3.4 Medicines required in ophthalmic emergency services and cornea clinic

S. no. Medicines Purpose
1 Eyedrop Proparacaine (0.5%) Corneal anesthesia prior to corneal scraping, 

foreign body removal, and saline wash
2 Topical Fortified antibiotics 

(Cefazolin 5%, Tobramycin 1.3%, 
Vancomycin 5%)

For prescription in cases of moderate-severe 
corneal ulcer
The injectable preparation should be available 
and fortified drops should be prepared fresh 
before dispensing as they have short shelf life

3 Topical Antibiotics (Moxifloxacin, 
Gatifloxacin, Tobramycin)

For use following contact procedures, following 
minor procedures

4 Topical mydriatics and 
cycloplegics (Tropicamide, 
Phenylephrine, Homatropine)

For pain relief and detailed examination

5 Topical sodium citrate 20%
Topical sodium ascorbate 20%

For prescription in cases of chemical injury
Should be prepared fresh

6 Injectable dexamethasone, and 
methylprednisolone

For management of patients presenting with acute 
graft rejection

7 Normal saline For saline wash in cases of chemical injury
8 Injection Mannitol and Tablet 

acetazolamide
For prescription in cases presenting with high 
intra-ocular pressure
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3.3  Procedures Performed in OPD

3.3.1  Corneal Scraping

Corneal scarping is performed in cases of corneal ulcer and has both diagnostic and 
therapeutic implications. To perform this procedure the following items are required 
and should be kept together as a kit for performing the procedure

• Eye drop Proparacaine for topical anesthesia prior to performing this procedure
• Eye speculum for proper exposure of the corneal ulcer and avoiding blinking of 

the eye during the process of corneal ulcer scarping
• 23-gauge needle/15 number blade/Kimura spatula for scraping the corneal ulcer
• Blood agar/chocolate agar/SDA agar for direct plating of the obtained scraping 

specimen
• Nutrient broth in cases where bacterial culture media is not available for 

direct plating
• Glass slides for smear preparation from the obtained corneal scraping specimen

3.3.2  Corneal Gluing

Corneal gluing is performed in cases with severe corneal thinning, impending cor-
neal perforation, small corneal perforation (without iris plugging the wound), and 
descemetocele for providing tectonic support. To perform this procedure, the fol-
lowing items are required:

• Sterile intervention room or minor OT
• Eye drop Proparacaine for topical anesthesia prior to performing this procedure
• Eye speculum for proper exposure and avoiding blinking of the eye during the 

procedure
• 30-gauge needle and a 2 ml syringe for application of cyanoacrylate glue
• N-butyl-cyanoacrylate glue for sealing the site of perforation or thinning
• Bandage contact lens for application at the end of procedure for improving 

patient’s post-operative comfort

3.3.3  Saline Wash in Acute Chemical Injury

Immediate wash off the chemicals from the eye is the primary treatment for all cases 
presenting with ocular chemical injury. The following items are required for per-
forming a saline wash

• Eye drop Proparacaine for topical anesthesia prior to performing this procedure
• Litmus paper for checking pH of the eye before and after saline wash
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• Dessmarres retractor for double eversion of the lid to inspection and remove 
impacted particles of the chemical agent from the fornixes

• Plain forceps to remove the impacted chemicals like chuna particles
• IV stand and Normal saline bottles (at least 2  l) for irrigating the ocu-

lar surface
• Eye speculum for proper exposure of the ocular surface during saline wash

3.3.4  Corneal Foreign Body Removal

Patients often present with superficial corneal foreign body following trauma at 
workplace. Management includes removal of superficial corneal foreign body on 
the slit lamp while deeply buried foreign bodies require removal in the theater under 
an operating microscope. The following items are required for removal of superfi-
cial corneal foreign bodies

• Eye drop Proparacaine for topical anesthesia prior to performing this procedure
• Eye speculum for proper exposure of the ocular surface and avoiding blinking of 

the eye during the procedure
• 26-gauge needle and 2 ml syringe for removal of the foreign body.

3.3.5  Corneal Suture Removal

Patients with loose sutures and suture site infiltrate, commonly seen in cases that 
have undergone keratoplasty, require urgent removal of sutures to avoid complica-
tions like graft infection and rejection. The following items are required for per-
forming corneal suture removal

• Eye drop Proparacaine for topical anesthesia prior to performing this procedure
• Eye speculum for proper exposure of the ocular surface and avoiding blinking of 

the eye during the procedure
• 26-gauge needle and 2 ml syringe for cutting the suture
• McPherson forceps for removing the suture.

3.4  Conclusion

In nutshell, availability of basic ophthalmic equipment, instruments, consumable 
items, and medicines can help in smooth functioning of the ophthalmic casualty 
services and cornea clinic with timely and optimal management of cases presenting 
with corneal emergency. Also, many cases may require an urgent surgical interven-
tion and hence the cornea clinic/casualty services should have an adjacent ophthal-
mic OT for managing these cases.
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Key Points

• Corneal emergencies require prompt intervention for best outcome
• It includes traumatic corneal laceration, graft rejection, corneal ulcers, acute 

hydrops, and chemical injury to the eye
• The cornea clinic and casualty services should be adequately equipped to inves-

tigate and treat these cases
• Equipment required include visual acuity assessment chart, slit lamp biomicro-

scope, indirect ophthalmoscope, non-contact tonometer, ultrasound B scan 
(8–10  Hz), anterior segment optical coherence tomography (ASOCT), and 
pachymeter

• Consumables required include fluorescein strips, Schirmer strips, 23/26/30 
gauge needle, Kimura spatula, glass slides, cotton tipped applicators, culture 
plates, and litmus paper

• Drugs required for managing these cases include topical anesthetic eye drops 
(such as proparacaine 0.5%), fortified antibiotics, sodium citrate 20%, sodium 
ascorbate 20%, injectable dexamethasone, methylprednisolone and mannitol, 
tablet acetazolamide, normal saline, and balanced salt solution

• Minor procedures performed in cornea clinic and casualty services include cor-
neal scraping, corneal foreign body removal, corneal gluing, saline wash, and 
suture removal

• Instruments required to perform these procedures should be available for use
• Cases requiring major procedures need an OT setup for further management; 

hence, the casualty services should have an adjacent OT setup.
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4Diagnostic and Therapeutic Approach 
in Management of Corneal Emergencies
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4.1  Introduction

Corneal emergencies account for a vast majority of cases presenting to the emer-
gency department. Corneal abrasions and foreign bodies in the external eye are the 
most frequently encountered ocular emergencies [1]. The severity of these condi-
tions may vary depending on the underlying pathology, time to presentation, and 
various other local and systemic factors. Corneal emergencies need utmost care and 
precision in handling as they can be potentially vision-threatening. This chapter 
highlights the various corneal emergencies and the basic history taking skills along 
with the diagnostic and therapeutic approach that must be kept in mind while man-
aging these potentially serious corneal conditions.

4.2  History Taking

In any case of ocular trauma, it is vital to obtain a detailed history to make the cor-
rect diagnosis and plan your management accordingly. A good history should 
include the following:

4.2.1  Assess Systemic Status

History of loss of consciousness, vomiting, or nasal bleed following trauma war-
rants a proper neurological assessment including Glasgow Coma Score (GCS) and 
neuroimaging.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5876-1_4&domain=pdf
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4.2.2  Determine the Mechanism of Injury

• Blunt or penetrating
• Material—vegetative matter, metallic foreign bodies, chemicals (acids or alkali), 

thermal injuries, etc.
• The velocity of impact/projectile
• Workplace-related injury, rule out assault, road traffic accidents, as these may be 

medico-legal cases

4.2.3  Symptoms

• Diminution of vision—sudden or gradual; painless or painful
• Pain, redness, watering, and photophobia
• Foreign body sensation
• Bleeding

4.2.4  Medical History

• Tetanus immunization status
• Diabetes, hypertension, and other systemic illness
• Bleeding disorders

4.2.5  Treatment History

• Medical—h/o use of any topical eye drops or oral antibiotics in the recent past
• Surgical—h/o previous surgery or trauma in the affected eye
• In cases of chemical injury, it is essential to ask if a thorough eyewash was done 

immediately following the injury.

In cases of corneal ulcers, history taking is important to ascertain the inciting 
agent or risk factors that may be associated with the development of the ulcer. One 
must ask for any history of:

• Trauma—organic or non-organic material
• Duration of symptoms
• Contact lens wear—type of contact lenses (rigid or soft), wearing schedule, and 

contact lens hygiene. It is also important to ask for a history of sleeping with 
contact lenses on (especially in cases of non-extended wear lenses) and taking 
bath in a pond or swimming pool with contact lenses on.

• Systemic diseases
 – Collagen vascular diseases may be associated with dry eye disease, PUK, and 

sterile corneal melts. Take a history of joint pain.
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 – Immunocompromised state—DM, HTN, alcoholism
• Treatment—self-medication with home remedies, use of topical steroids, or 

other ayurvedic eye drops.
• History of recurrent episodes in the same eye—may be suggestive of viral 

etiology.

Post corneal transplant emergencies need to be assessed with case-specific his-
tory taking which includes:

• Suture-related problems—patient may complain of foreign body sensation, pain, 
and watering in cases of loose, broken sutures or due to un-buried knots.

• Acute graft rejection—patient usually presents with blurring of vision, redness, 
and discomfort. It is important to check for compliance of the patient toward the 
use of topical steroids.

• Wound dehiscence—important to ask for history of trauma
• Post-PK glaucoma—dull aching pain associated with a unilateral headache
• Graft infiltrate—patients usually complain of pain, excessive tearing, discharge, 

photophobia, and redness. It is vital to enquire about any history of trauma, con-
tact lens wear, or bath in a pond.

Post-refractive surgery corneal emergencies also demand specific history tak-
ing pertaining to the underlying condition. Some patients may present with symp-
toms of foreign body sensation, discomfort, and dryness after LASIK surgery. This 
may point toward post-refractive surgery Dry eye disease. It is important to ask the 
patient whether they had similar complaints prior to the surgery as dry eye disease 
is a relative contraindication to LASIK. Post LASIK ectasia patients may present to 
the clinic with a history of gradually progressive diminution of vision. It is of utmost 
importance to differentiate myopic regression from ectasia, as retreatment in the 
latter can result in worsening of visual outcomes by facilitating the progression of 
ectasia. Preoperative topography/tomography maps if available must be assessed in 
such cases.

Corneal emergencies associated with advanced corneal ectasia may pres-
ent with:

• Acute Hydrops—Patient usually presents with sudden onset of pain, watering, 
photophobia, and reduced visual acuity. It is important to ask for a history of eye 
rubbing or other skin allergies and to obtain any previous topography scans of 
the same eye and the opposite eye.

• Corneal perforation—this may occur either spontaneously or following minor 
trauma in cases of advanced ectatic conditions.

Stevens–Johnson syndrome is another major corneal emergency. It is an autoim-
mune blistering disorder affecting the skin and mucous membranes. The acute stage of 
SJS occurs during the first 2 weeks after the onset of symptoms; however, the patient is 
usually admitted to the hospital for intensive medical care and rarely ever presents to an 
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ophthalmologist during this phase. The patient may however present in the subacute 
stage with c/o pain, photophobia, watering and redness in both eyes. It is therefore 
important to ask for a detailed history of drug intake (especially sulfa drugs, anti-epilep-
tics, and allopurinol), hospitalization or admission in the intensive care unit, history of 
fever and skin rash preceding the sudden onset of eye redness (conjunctivitis), history of 
mouth ulcers, any peeling of skin, or disfigurement/falling of nails.

4.3  Clinical Examination

4.3.1  Visual Acuity

In all cases of corneal emergencies, it is important to assess the vision at presenta-
tion in both eyes as this not only gives us an idea regarding the severity of the injury 
or disease but also helps to prognosticate the outcome. This may be done using a 
simple Snellen’s chart for assessing distant vision and a Jaeger eye chart for near 
vision. However, in cases where the vision is severely diminished, such as corneal 
trauma, one may have to record vision as finger counting, hand movements, or per-
ception of light and projection of rays. Visual assessment may be deferred in cases 
of chemical injuries, where an immediate wash is of utmost importance. It is essen-
tial to keep a record of the vision at each visit in all cases of corneal emergencies, 
more so in cases of corneal trauma as this may have medico-legal implications.

4.3.2  Systemic Examination

Some patients presenting with an ocular emergency may have associated systemic 
features that should be looked for on examination. These include:

• Skin rashes, blisters, peeling of skin, mouth and genital ulcers, distortion, or loss 
of nails in cases of acute SJS.

• Joint deformities in cases of PUK associated with Rheumatoid arthritis.
• Corneal ectasias may be associated with various syndromes having peculiar 

deformities or systemic abnormalities that need to be evaluated.

4.3.3  External Examination

• Face and peri-orbital region—The face and periorbital region should be exam-
ined carefully for any wounds or chemical burns in all cases of ocular trauma. In 
cases of acute Stevens–Johnson syndrome, rashes and peeling of skin may be 
noted on the face along with other parts of the body.

• Ocular alignment and motility—may be affected in cases of orbital bone frac-
tures or injuries involving the third, fourth, and sixth cranial nerves.
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• Palpation—of the facial and orbital bones for crepitus and for any discontinuity 
of the orbital rim may help in clinically diagnosing orbital bone fractures.

• Pupil:
 – Size: may be enlarged due to damage to the iris sphincter muscles incurred 

during ocular trauma.
 – Shape: may be altered in cases of iris tissue prolapse through a corneal wound 

or perforation.
 – Reactivity: may be non-reactive to light either because of injury to the optic 

nerve or because of traumatic mydriasis. Swinging flashlight examination 
should be done to illicit any relative afferent pupillary defect and both direct 
as well as consensual light reflexes should be assessed in all cases of ocu-
lar trauma.

4.3.4  Slit Lamp Examination

4.3.4.1  Lids
Lids should be evaluated for edema, ecchymosis, tears, lacerations (with or without 
tissue loss), and canalicular involvement in all cases of ocular trauma. Eyelid burns 
(superficial or deep), tissue loss, and charring of lashes may be seen in cases of 
acute thermal or chemical injuries and can lead to cicatricial entropion or ectropion 
upon healing. The lids must be everted in all cases of chemical injury (especially 
lime injury) in order to reveal the offending chemical agent which might be stuck to 
the tarsal conjunctiva and even lodged in the fornices; therefore, a double eversion 
of the lid should be done and the chemical agent should be thoroughly removed with 
irrigation. SJS patients may present with varied lid findings depending on the time 
of presentation. In the initial few weeks, there may be lid edema, erythema, crust-
ing, and lid margin ulceration. Lid eversion may reveal conjunctival membranes or 
pseudomembranes as well. With time, chronic lid changes may result in trichiasis, 
lid margin keratinization, and distichiasis.

Lids of all patients presenting with a corneal ulcer should be examined for tri-
chiasis, lagophthalmos, entropion, ectropion as these may pose as predisposing fac-
tors for corneal infection.

4.3.4.2  Conjunctiva
Conjunctiva needs to be examined carefully by slit-lamp evaluation for:

 – Conjunctival congestion (diffuse or circumciliary), chemosis, tears, subconjunc-
tival hemorrhage, and any foreign body lodged in tarsal conjunctiva in all cases 
of ocular trauma

 – Conjunctival epithelial defects and for any chemical agent stuck to the tarsal 
conjunctiva in all cases of chemical injury

 – Conjunctival membranes and ulceration in cases of SJS
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4.3.4.3  Sclera
It is important to look for any scleral tear or rupture in all cases of ocular trauma. 
Subconjunctival hemorrhage, conjunctival congestion, and chemosis may some-
times preclude a detailed examination of the sclera and an occult scleral tear may be 
missed. In cases where the posterior border of the subconjunctival hemorrhage can-
not be made out (extends posteriorly beyond the equator), intracranial bleed, orbital 
roof fracture, skull base fracture, or posterior scleral tear should be suspected.

Focal or diffuse redness or violaceous discoloration of the sclera along with nod-
ules or scleral necrosis are signs of scleritis that may be associated with peripheral 
ulcerative keratitis (PUK) whereas scleral abscess and ulcers may be noted in cases 
of sclerokeratitis.

4.3.4.4  Cornea
In all cases of penetrating corneal injuries, the cornea should be examined under the 
slit-lamp to evaluate the wound size, configuration (linear, stellate, lamellar, irregu-
lar), involvement of the limbus or extension into the sclera, any uveal tissue or vitre-
ous prolapse, or any embedded corneal foreign bodies. Seidel’s test and forced 
Seidel’s test may be helpful in distinguishing between partial-thickness/sealed cor-
neal tears and full-thickness corneal tears.

With regards to some of the other corneal emergencies, it is essential to do a 
complete slit lamp examination of the cornea evaluating each layer in detail:

Epithelium
Epithelial defect: can be detected by fluorescein staining and its size should be 
measured in all cases of acute SJS, chemical injuries, corneal ulcers, PUK, and in 
post-PK grafts.

Superficial punctate keratitis: punctate fluorescein staining may be noted in 
cases of dry eye disease (associated with PUK), SJS, chemical injuries (mild to 
moderate), contact lens wearers, and corneal grafts in patients having lid abnormali-
ties or poor ocular surface.

Stroma
Infiltrate:

• Size—can be measured either horizontally and vertically or in terms of the larg-
est diameter of the infiltrate and the longest perpendicular to it.

• Depth—optical slit beam may be used to estimate the depth of the infiltrate 
(anterior, mid, or posterior stromal).

• Color—yellowish, gray, white, brown (pigmented in cases of Dematiaceous fungi)
• Margins—well defined or ill defined, regular or irregular, feathery, tentacles, pin-

head lesions.
• Associated epithelial defect and its size
• Edges of the ulcer—sloping, rounded, elevated, heaped up, or overhanging.
• Satellite lesions—number and location.
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• A few clues to differentiate between a sterile and infective infiltrate include loca-
tion which is usually central in infectious infiltrates and the presence of mucopu-
rulent discharge. Presence of symptoms, anterior chamber reaction or lid edema 
also suggest infective etiology of the infiltrate [2].

Scar:

• The presence of footprint scars in patients presenting with recurrent episodes of 
redness may hint toward a viral etiology.

• Multiple small scars with/without pigments may be seen in factory workers pre-
senting with embedded corneal foreign bodies (iron).

• Faint nebular scars may be noted in contact lens wearers who have had previous 
episodes of Contact lens-related peripheral ulcers (CLPU).

• Superficial stromal scars or apical scarring may be seen in cases of advanced 
keratoconus

Thinning:

• Peripheral thinning associated with sterile peripheral corneal melt may be seen 
in cases of PUK.

• Central thinning is more likely to be seen in cases of keratoconus
• Thinning and perforation due to stromal necrosis may be seen in infectious kera-

titis (Fig. 4.1).

Corneal edema: may be seen in ocular emergencies such as hydrops, corneal 
ulcers, HSV keratitis, graft rejection, and chemical injuries. It may be focal or 
diffuse.

Fig. 4.1 Clinical 
photograph of the eye 
showing a perforated 
corneal ulcer with 
surrounding corneal 
infiltrates and thinning
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Vascularization may be seen in cases of:

• SJS, graft rejection, chemical injuries, and PUK—due to the ongoing 
inflammation.

• Microbial keratitis—especially in cases of recurrent HSV stromal keratitis.
• Contact lens wearers (soft contact lens >Rigid Gas Permeable lenses (RGP)—

due to hypoxia
• Broken or loose sutures in post-PK grafts may also incite vascularization.

Descemet Membrane
Breaks and detachment—may most often be seen on slit lamp examination in 
cases of acute hydrops and corneal penetrating injuries.

Descemetocele—Is bulging of the Descemet membrane in an area of extreme 
focal corneal thinning with just the DM remaining. It is an ominous sign of impend-
ing perforation and may be seen in cases of sterile corneal melts (PUK associated 
with RA), advanced ectasia, and corneal ulcers.

Endothelium
Keratic precipitates: these are inflammatory cells that deposit on the endothelium 
of the cornea. Fresh KPs usually appear white, rounded, and glistening whereas old 
KPs are usually pigmented, faded with crenated irregular margins. KPs may be seen 
in cases of:

• HSV endothelitis—usually appear focally with overlying stromal edema 
(Disciform keratitis)but can be diffusely spread over the endothelium as well.

• Microbial keratitis—Intense AC inflammation due to microbial invasion of the 
cornea may lead to the formation of KPs.

• Graft rejection—The linear arrangement of KPs in a post-PK corneal graft 
(Khodadoust line) is pathognomic of endothelial graft rejection (Fig. 4.2).

Fig. 4.2 Clinical 
photograph of the eye 
showing acute graft 
rejection post penetrating 
keratoplasty with graft 
edema and keratic 
precipitates on the 
endothelium
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Endoexudates—These are a collection of inflammatory cells that may be seen 
attached to the endothelium and are commonly witnessed in cases of microbial 
keratitis (more often in fungal keratitis).

4.3.4.5  Anterior Chamber (AC)
It should be examined carefully in most cases of ocular emergencies for the 
following:

• Depth—The AC may be shallow or flat in cases of penetrating corneal injuries, 
corneal perforations, and in post-PK grafts with wound leak (low IOP) or pupil-
lary block (high IOP). The AC may appear deeper as compared to the other eye 
in cases of angle recession and lens dislocation/subluxation due to blunt trauma.

• AC reaction (cells)—a 1 × 1 mm slit beam of maximum illumination can be 
used to view and count cells in the AC, which are then graded according to the 
SUN classification system (Table 4.1). These cells are mainly comprised of leu-
cocytes (mainly PMNs) and indicate the level of inflammation in the AC. It is a 
common finding in cases of blunt corneal injury, corneal ulcers, chemical inju-
ries and is one of the earliest signs of graft rejection. Intense AC reaction may 
lead to the collection and deposition of leucocytes inferiorly to form a hypopyon. 
The hypopyon is sterile and mobile in most cases except for fungal keratitis 
wherein the invasion of fungal filaments into the AC gives rise to a fixed, infected 
hypopyon.

• Hyphema—the choroid and iris contain a rich vascular complex, therefore 
injury to the ciliary body or iris is one of the major causes of hyphema in cases 
of blunt ocular trauma. Hyphema is usually classified based on the proportion of 
the AC it occupies (Table 4.2).

• Exudates—large clumps of exudates may be seen in the AC in a few cases of 
microbial keratitis, especially fungal keratitis (Fig. 4.3).

4.3.4.6  Iris
The iris has a rich network of blood vessels, the endothelial cells of which comprise 
the blood-aqueous barrier. Any injury or inflammation of the iris tissue leads to a 

Table 4.1 Standardization of Uveitis Nomenclature, 2005 (SUN) grading of anterior chamber 
cells and flare

Cells in field (1 mm × 1 mm slit 
beam) Grade of AC cells Grade of AC flare
<1 0 0   None
1–5 0.5+
6–15 1+ 1+ Faint
16–25 2+ 2+ Moderate (iris lens details clear)
26–50 3+ 3+ Marked (iris lens details hazy)
50+ 4+ 4+ Intense (severe aqueous haze)

AC, anterior chamber
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disruption of this blood-aqueous barrier and results in AC reaction. The iris should 
be examined under a slit lamp for the following:

• Prolapsed iris tissue—Most cases of penetrating corneal injury present as a 
corneal tear with prolapsed iris tissue. It is important to check the viability of this 
iris tissue on table. An avascular, necrotic, friable iris tissue that does not bleed 
on touch is mostly non-viable and should be excised rather than being reposited 
back into the AC.

• Holes and foreign bodies—In cases of penetrating corneal injuries especially by 
small-sized, high-velocity objects such as iron particles and shrapnel, it is impor-
tant to look for these foreign bodies carefully as these may be lodged in the iris 
tissue. Also, the presence of iris holes in such kinds of injuries should raise the 
suspicion of an intraocular foreign body.

• Sphincter tears—Blunt trauma can cause damage to the sphincter pupillae mus-
cle of the iris that may render the pupil non-reactive to light and result in trau-
matic mydriasis, it may also lead to a distortion of the pupil shape.

Fig. 4.3 Clinical 
photograph of the eye 
showing a case of fungal 
keratitis with an anterior 
chamber full of exudates

Table 4.2 Grading of hyphema based on the extent of fill in the anterior chamber

Grade of hyphema Extent of anterior chamber fill
0 (Microhyphema) Circulating RBCs seen
I <33% fill
II 33–50% fill
III >50% fill
IV 100% fill, eight ball hyphema

RBC, red blood cell

D. Kamra and A. Rathi



69

• Atrophy—Sectoral iris atrophy may be seen in cases of Herpes zoster keratou-
veitis, whereas patchy iris atrophy is more often associated with HSV 
keratouveitis.

• Peripheral anterior synechiae (PAS)—post-keratoplasty patients may present 
with peripheral anterior synechiae resulting from extensive AC inflammation or 
shallow AC. Extensive PAS may result in angle closure leading to a high IOP.

4.3.4.7  Lens
In all cases of ocular trauma, it is important to examine the lens for any anterior lens 
capsule (ALC) breach, traumatic cataract, zonular dialysis, and foreign body on the 
ALC or intralenticular foreign body. The absence of lens may indicate posterior 
dislocation of the lens and it is important to do a thorough fundus examination in 
such cases. In cases of blunt trauma, a pigmented ring known as the Vossius ring 
may be seen on the ALC. Trauma to the lens by vegetative matter raises the likeli-
hood of developing a lens abscess, which may appear as a yellowish coagulum in 
the pupillary area and is often associated with endophthalmitis.

4.3.4.8  Intraocular Pressure (IOP)
Measurement of IOP may be deferred in cases of penetrating corneal injuries; how-
ever, it is important to measure the IOP in all cases of blunt trauma. Although 
Goldmann applanation tonometer is the gold standard for measuring IOP, it might 
not be possible to use applanation methods in cases presenting with epithelial 
defects or infiltrates, in such cases non-contact tonometry is preferred. The follow-
ing ocular emergencies may be associated with a significant change in IOP:

• Blunt trauma—Intense AC reaction, hyphema, damage to the trabecular mesh-
work, or intumescent lens leading to pupillary block may all contribute to a rise 
in IOP following blunt ocular trauma. A decrease in IOP might be observed due 
to the disruption of the ciliary body attachment to the scleral spur leading to a 
ciliary body cleft. It is vital to do a gonioscopy in all cases of blunt trauma to 
look for angle recession, ciliary body clefts, and blood in the Schlemm’s canal. 
Hypotony may also be noted in cases of occult scleral tear and retinal detachment.

• Chemical injury—IOP may be elevated in cases of chemical injury due to direct 
damage to the trabecular meshwork and angle structures by the offending chemi-
cal agent, intense AC inflammation leading to obstruction of the TM by leuco-
cytes and fibrin or it can occur secondary to the use of topical steroids. Hypotony 
on the other hand may occur due to direct chemical injury to the ciliary body or 
secondary to anterior segment ischemia.

• Post corneal transplant—raised IOP in a post keratoplasty eye can be due to 
multiple factors ranging from retained viscoelastic, intense AC inflammation, 
hyphema, distortion of the angle (long and tight sutures), and collapse of the 
trabecular meshwork (especially in aphakic eyes) to pupillary block in the early 
post-op period. In the late post-op period, raised IOP may be attributed to exten-
sive peripheral anterior synechiae, ghost cells, vitreous in AC, and prolonged use 
of steroids. In post-Descemet stripping endothelial keratoplasty (DSEK) cases 
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elevated IOP in the initial few days may be due to pupillary block caused by air 
going behind the iris in the absence of a peripheral iridectomy. Late IOP rise may 
be due to steroid response, angle crowding, or peripheral anterior synechiae.

4.3.4.9  Fundus
Fundus should be examined with the help of an indirect ophthalmoscope and a 
20D lens wherever possible. In cases of ocular trauma, it is important to look for 
any retinal detachment, associated retinal breaks, dislocated lens or IOL, vitre-
ous hemorrhage, vitreous exudates, intraocular foreign bodies, and status of the 
optic disc (pallor/edema). Patients with corneal ulcers may also have associated 
endophthalmitis; therefore, evaluation of the posterior segment either by indi-
rect ophthalmoscopy (if possible) or by B-scan is necessary in all cases of cor-
neal ulcers.

4.4  Diagnostic Approach

4.4.1  Fluorescein Stain

Fluorescein stain is one of the simplest diagnostic techniques which can be used by 
an ophthalmologist. All one needs is a fluorescein strip and a slit lamp having a 
cobalt blue filter. Fluorescein absorbs light of wavelengths between 485 and 500 nm 
(blue light falls within this range), this then causes it to emit a greenish light (longer 
wavelength and lower energy). The intact corneal epithelium prevents the corneal 
stroma to absorb the dye; and no staining is seen if the epithelium is intact. Hence 
fluorescein may be utilized in the following ocular emergencies:

• Corneal ulcers—to measure the size of the epithelial defect, which in turn helps 
in monitoring the response to treatment. To identify dendritic or geographic 
ulcers in cases of HSV keratitis.

• Chemical injuries—helps in identifying superficial punctuate keratitis in cases of 
mild chemical injuries. In moderate to severe chemical injuries, it helps in mea-
suring the size of the corneal epithelial defect and in identifying conjunctival 
epithelial defects, which in turn help in the grading of chemical injuries, manage-
ment strategy, and prognostication.

• Corneal tears—some corneal tears appear to be self-sealed on slit lamp examina-
tion; however, performing a Siedel’s test or a forced Siedel’s test may reveal an 
open wound.

• PUK—helps in demarcating the zone of activity (no overlying epithelium) within 
the peripheral thinned-out cornea in cases of Mooren’s or PUK related to autoim-
mune diseases.

• Stevens–Johnson syndrome—In the acute phase, this test may be done bedside 
with the help of an indirect ophthalmoscope having a blue light. The fluorescein 
helps to stain any corneal and conjunctival epithelial defects. In the later stages 
of SJS, it may also help in identifying areas of lid margin keratinization.
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• Contact lens associated emergencies—stains epithelial defects in cases of con-
tact lens associated infective keratitis (CLIK) and contact lens-induced periph-
eral ulcer (CLPU).

• Post-PK grafts—it helps to identify any non-healing or persistent epithelial 
defects, epithelial rejection (elevated, undulating fluorescein-stained rejection 
line), and loose sutures (dye accumulates beneath the loose suture).

• Post-LASIK—in cases of epithelial ingrowth, fluorescein stain may help in 
staining the area of an epithelial fistula or may pool in a retracted or elevated flap 
edge via which the epithelial ingrowth is occurring.

4.4.2  X-Ray

X-ray of the skull can help reveal skull and orbital bone fractures and metallic for-
eign bodies. It is a relatively inexpensive and quick investigative modality in cases 
of ocular trauma.

4.4.3  CT-Scan

A thin slice CT-scan of the PNS, orbit, and brain with 0.5 mm cuts in the axial, coro-
nal and sagittal plane can be used in cases of ocular trauma to detect soft tissue 
injuries and orbital wall fractures, optical canal fractures, radiolucent intra-ocular 
foreign bodies (exact location) and can pick up signs of occult globe rupture such as 
a change in globe contour, loss of globe volume (“flat tire sign”) and presence of 
intraocular air. Contrast-enhanced CT can be used in cases of suspected vascu-
lar injury.

4.4.4  MRI

MRI can be used in cases of suspected intra-ocular wooden foreign bodies as these 
may be missed on CT scan; however, MRI is contraindicated in cases of metallic 
foreign bodies. It can also be used in suspected cases of traumatic optic neuropathy 
where T2 prolongation is visualized as increased signal intensity in the injured 
optic nerve.

4.4.5  B-Scan

High-frequency ultrasound (10 Mhz) is used in brightness mode scan to produce 
two-dimensional images of the posterior segment. It is a quick and non-invasive test 
that can provide information that may be missed by indirect ophthalmoscopy such 
as the size and location of a foreign body and is particularly useful in ocular emer-
gencies where ophthalmoscopy may be obscured, such as large corneal ulcers, 
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vitreous hemorrhage, vitreous exudates, dense cataracts, corneal edema (in post-PK 
graft rejection, hydrops), open globe injuries and in closed globe injuries with 
hyphema or cataractous lens obscuring the view. The gain may be adjusted to a 
higher level, so that weaker signals are more easily visualized (vitreous opacities, 
posterior vitreous detachment, small foreign bodies, etc.) and vice-versa so that 
stronger signals are more easily visualized (masses, tumors, retinal detachment, 
etc.) and the weaker signals may become absent. B-scan may be utilized in the fol-
lowing ocular emergencies:

• Ocular trauma—to identify posterior segment pathologies such as retinal detach-
ment, vitreous exudates (suspected endophthalmitis), vitreous hemorrhage, cho-
roidal or scleral rupture (in occult globe rupture), non-radio-opaque and 
radio-opaque foreign bodies (especially useful for identifying wooden or glass 
foreign bodies missed on CT scan) and dislocated lens/IOL.  In cases of open 
globe injuries, one can either defer the B-scan till after the primary wound repair 
or should be very gentle while performing the scan.

• Corneal ulcers—in all cases of microbial keratitis where the infiltrate and sur-
rounding stromal edema precludes indirect ophthalmoscopy, one must do a 
B-scan to rule out any associated endophthalmitis. In cases of long-standing per-
forated corneal ulcers, a B-scan may reveal choroidal detachments.

4.4.6  Ultrasound Biomicroscopy (UBM)

Ultrasound Biomicroscopy (UBM) uses a much higher frequency of 35–100 Mhz as 
compared to A-scan or B-scan and hence provides a better resolution. It may be 
used to view the anterior segment structures such as the iris, anterior chamber angle, 
scleral spur, ciliary body, lens, zonules, anterior and posterior chamber thereby 
helping to identify intra-ocular foreign bodies embedded in the angle, zonular defi-
ciency, cyclodialysis, angle recession (tear between the circular and long muscle 
layers of the ciliary body), and posterior capsular status in cases of ocular trauma.

4.4.7  Anterior Segment OCT (AS-OCT)

Anterior Segment OCT (AS-OCT) is a non-contact, quick, and relatively easy to 
use imaging technique that provides high-quality, cross-sectional images of the 
anterior segment structures. It may be used in the following ocular emergencies:

• Acute hydrops—to identify Descemet membrane breaks (size, rolled or flat mar-
gins) and detachment (depth, size, location), which further helps in management 
and prognostication. It can also identify epithelial edema, stromal edema (cor-
neal thickness), and intrastromal fluid clefts.

• Corneal Foreign bodies—to localize the exact location and depth at which the 
foreign body is lodged (Fig. 4.4)
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• Post-PK grafts—to view the posterior graft host junction and its alignment in 
suspected areas of wound dehiscence. It can also be used to view any peripheral 
anterior synechiae and their extent. In cases of acute graft rejection, posterior 
corneal surface undulations may be noted, whereas in chronic graft rejection 
stromal thickening with a smooth posterior corneal surface is usually seen.

• Post-DSAEK—any graft detachment, interface fluid, residual DM, graft edema, 
or wrong graft orientation may be picked up on AS-OCT.

• Post-LASIK—to identify any interface debris or fluid, micro or macrostriae, 
interface infiltrates, epithelial ingrowth, and to pick up any abnormalities in flap 
alignment.

4.4.8  In-Vivo Confocal Microscopy (IVCM)

In-vivo confocal microscopy (IVCM) is a non-invasive imaging and diagnostic 
modality which allows morphological and quantitative analysis of the various layers 
of the cornea. It has a lateral resolution of 1–2  μm and an axial resolution of 
25–27 μm. It has the added advantage of imaging through moderately opaque tis-
sues (corneal scars, infiltrates, edema). It may be used in corneal emergencies 
such as:

• Corneal ulcers—especially in suspected fungal or acanthamoeba keratitis since 
delayed diagnosis of these infections is common due to the time delay of corneal 
cultures and slow-growing fungi and Acanthamoeba. IVCM can identify acan-
thamoeba cysts and trophozoites as well as fungal filaments and can also be used 
to measure the depth of invasion and to monitor response to treatment.

• Limbal stem cell deficiency—IVCM can be used to image the corneoscleral 
junction and help in detecting early changes of LSCD in cases of SJS and chemi-
cal injuries.

Fig. 4.4 Clinical 
photograph of the eye 
showing a bee sting 
embedded in the cornea 
with surrounding stromal 
edema Anterior segment 
Optical coherence 
tomography (ASOCT) 
from the area shows its 
extent into the anterior 
chamber
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• Post-LASIK—IVCM aids in evaluating flap-related complications and describe 
changes in corneal nerves and sublayers. It can image flap interface as well as 
Bowman layer’s microfolds. It can also be used to study corneal wound healing 
after refractive surgery [3].

4.4.9  OCT Angiography (OCTA)

OCT angiography (OCTA) is a rapid, non-invasive imaging technique that can iden-
tify the anatomy of the ocular vasculature based on the measurement of erythrocyte 
flow. It may be used in cases of acute chemical injuries to identify and monitor the 
recovery of limbal ischemia by looking at both the conjunctival and intrascleral 
vessels.

4.4.10  Corneal Topography

Corneal topography plays an important role in differentiating myopic regression 
from post-LASIK ectasia after LASIK surgery. An increase in irregular astigmatism 
accompanied by focal steepening (often inferiorly) usually points toward ectasia, 
whereas myopic regression usually has a regular topography.

4.4.11  Microbiology

Microbiology plays a vital role in identifying the causative organism in most cases 
of microbial keratitis be it a graft infiltrate, perforated corneal ulcer, or a post- 
LASIK interface infection. Scrapings are taken from the base and edge of the ulcer 
(in cases of post-LASIK interface keratitis, the flap is lifted and scrapings are taken) 
and sent for smear (Gram stain, KOH mount, and in suspected cases of Nocardia or 
atypical mycobacteria, acid-fast staining is also done) and culture (blood agar, choc-
olate agar, non-nutrient agar, Sabouraud dextrose or potato dextrose agar and brain–
heart infusion). In cases of deep stromal infiltrates which are not amenable to 
scraping, a corneal biopsy may be done to obtain samples from the infiltrate. 
Treatment is commenced on the basis of the smear report and may be changed once 
the culture report identifies the growth of the causative organism, which usually 
takes 2–3 days in cases of bacterial infection and can take up to 2 weeks or more in 
cases of fungi.

4.5  Therapeutic Approach

All ocular emergencies need not require early surgical intervention, and some may 
not need intervention at all. Table 4.3 lists the various corneal emergencies and the 
appropriate time for surgical intervention recommended for each of these.
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4.5.1  Acute Chemical Injury

Chemicals, be it acid or alkali, can cause significant damage to the ocular surface 
and lead to activation of the inflammatory cascade. The inflammation contributes to 
various sequelae in the presence of an epithelial defect by promoting stromal melt-
ing which in turn inhibits the epithelial healing process, in a kind of vicious cycle. 
Hence, the primary aims of treating acute chemical injuries are:

 1. To completely remove the inciting agent/chemical from the eye—the extent of 
damage and inflammation not only depends on the type of chemical but also 
depends on the contact time, hence it is important to irrigate the eye thoroughly 
to dilute and remove the offending agent from the eye and normalize the pH 
(checked by litmus paper or pH paper). It is mandatory to evert the eyelids and 
double evert the upper lid to examine the fornices and tarsal conjunctiva for any 
residual adherent chemical (especially in cases of lime injury), all the residual 
adherent particles along with the necrotic conjunctival tissue must be removed 
even if it requires excision of the conjunctiva.

Table 4.3 List of various corneal emergencies and the appropriate time to surgical intervention 
recommended

Early intervention Late intervention No surgical intervention
Full-thickness corneal tear Sealed corneal tear with 

traumatic cataract
Partial-thickness corneal 
tear, sealed corneal tear 
(Siedel’s negative)

Chemical injuries (Roperhall 
grade 3–4)

Chemical injuries (grade 2–3) Chemical injuries (grade 
1)

Corneal infiltrate involving the 
limbus (especially fungus), 
perforated corneal ulcer

Corneal ulcer not responding 
to medications, infiltrate 
approaching the limbus

Corneal ulcer responding 
to medications

Hydrops—large DM break with 
rolled margins, Deep DM 
detachment

No improvement in corneal 
edema or DM reattachment 
even after 36 weeks

Hydrops—small DM 
breaks, shallow 
detachments

Post-PK wound dehiscence, 
wound leak
Stevens–Johnson syndrome with 
epithelial defect
Active PUK with severe 
thinning, PUK with perforation

PUK not responding to 
medications

Mildly active/Inactive 
PUK with minimal 
thinning

Post-LASIK infectious keratitis, 
DLK (stage 3, 4), Epithelial 
ingrowth (severe, affecting 
vision)

DLK stage 2 not responding 
to medications

PISK, CTK, Epithelial 
ingrowth (mild, 
peripheral)

DM, descemet membrane; PK, penetrating keratoplasty; PUK, peripheral ulcerative keratitis; 
DLK, diffuse lamellar keratitis; PISK, pressure-induced stromal keratitis; CTK, central toxic 
keratopathy

4 Diagnostic and Therapeutic Approach in Management of Corneal Emergencies



76

 2. Reducing inflammation and promoting epithelial healing—topical steroids are 
started within the first week following injury and although continuing steroids 
beyond the first 2 weeks may accelerate stromal melting, in cases of ongoing 
inflammation where the epithelial defect does not heal within the first 2 weeks 
despite using a bandage contact lens, an amniotic membrane graft (AMG) may 
be applied and topical steroids continued. Topical lubricants also help to pro-
mote epithelialization and help in diluting and washing away the inflammatory 
mediators. A topical antibiotic should be used in the presence of an epithelial 
defect in order to prevent secondary infection.

 3. Minimizing ischemia—scleral ischemia may be detrimental to epithelial healing 
and can also lead to coagulative necrosis and stromal ulceration or melting. One 
may observe areas of ischemia for a few days (especially of less than 3 clock 
hours) and serial OCT angiographies may be employed to objectively identify 
areas of ischemia and see their progression or regression over time. Persistence 
or worsening of ischemia may require tarsorrhaphy and tenonplasty to re- 
establish vascularity.

 4. Control intraocular pressure—a high IOP may lead to corneal edema and in turn 
delay epithelial healing. Topical antiglaucoma drugs may be employed to main-
tain a normal IOP.

 5. Reduce exposure—burns to the adnexal tissue including the lids can lead to tis-
sue loss and contractures which may result in the inability to close the eyelids, 
the resultant corneal exposure further delays epithelial healing and therefore a 
tarsorrhaphy or lid repair is mandatory in such cases.

4.5.2  Stevens–Johnson Syndrome

SJS is an immune-mediated mucocutaneous disease that leads to sloughing of the 
skin and mucosal surfaces, including that of the ocular surface. It is most often trig-
gered by medication and less commonly due to an infection, hence it is of utmost 
importance to try and find out which medication was the inciting agent so that it is 
avoided in the future. The degree of inflammation and damage to the ocular surface 
in the acute phase determines the severity of the chronic sequelae of SJS; therefore, 
it is very important to intervene as early as possible in the acute phase of SJS.

The main objectives of treatment during the acute phase are to reduce surface 
inflammation, promote epithelialization, and prevent secondary infection. An over-
view of the management protocol is outlined below:

 1. Any mucous, debris, or membranes should be removed thoroughly with saline 
flushes, cotton swabs, or jewelers’ forceps.

 2. In cases of conjunctival hyperemia alone—aggressive treatment with topical ste-
roids, antibiotics, and lubricants should be initiated. It is essential to follow up 
with these patients daily to look for any lid margin changes or corneal and con-
junctival epithelial defects.

 3. In cases of corneal, conjunctival, or lid margin defects—A large amniotic mem-
brane should be applied over the whole ocular surface and should include the 
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tarsal conjunctiva and lid margins as well. This may be achieved with the help of 
a symblepharon ring or infant feeding tube which helps to keep the amniotic 
membrane in place. An additional tarsorrhaphy helps in keeping the AMT in situ 
and prevents mechanical damage due to blinking. In hospitalized patients, bed-
side AMT may be performed under sedation and may need to be repeated several 
times as the ongoing inflammation may lead to a disintegration of the AMT after 
a few weeks.

4.5.3  Corneal Ulcer

A detailed history, clinical and microbiological examination as mentioned earlier is 
of utmost importance in diagnosing and managing a corneal ulcer. Treatment can be 
initiated based on the smear findings and may be changed as and when the culture 
reports are available. A few key points to remember during the management of cor-
neal ulcers are listed below:

• In cases of bacterial infection (noted on smears), empirical therapy with two 
antibiotics covering for Gram-positive and Gram-negative bacteria can be initi-
ated. These antibiotics are usually fortified preparations with higher drug con-
centrations and need to be stored at a cool temperature and used within a week 
from formulation. One may shift to monotherapy once the culture and sensitivity 
reports are available. In cases of small peripheral ulcers, fluoroquinolones may 
be used for monotherapy as they are more convenient; can be kept for longer than 
a week, do not require special formulation, and have a broad spectrum of activity 
including both Gram-positive and Gram-negative bacteria. Initially, all antibiot-
ics are started as half-hourly or hourly instillation and the frequency may be 
gradually reduced based on the clinical response to treatment. Once a significant 
response to medications is observed, topical steroids may be added judiciously 
to minimize stromal scarring.

• Close follow-up, preferably daily or at least once every 3 days, is important to 
understand the progression and clinical response to treatment. In cases of wors-
ening, one should search for potential causes of poor response such as concomi-
tant lid abnormalities not allowing epithelialization, poor blood sugar control in 
diabetics, possibility of mixed infection, poor compliance to medications, etc.

• In cases of negative smear and culture reports—it is important to ask for prior use 
of antibiotics and if the patient was already using antibiotics, it may be a good 
idea to give a drug holiday of at least 48–72 h before re-scraping the ulcer. It is 
also important to think of non-infectious causes of corneal ulcers in such cases.

• In cases of fungal keratitis, the most used first-line antifungal is Natamycin 5% 
eye drops. The use of steroids is absolutely contraindicated. Oral antifungals 
may be indicated in:
 – Perforated/impending perforation
 – Deep ulcers (involving >2/3rd stromal depth): intrastromal Amphotericin B or 

voriconazole may also be used in deep stromal infiltrates not responding to 
topical or oral antifungals.
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 – Large ulcers (>6 mm in diameter)
 – Scleral involvement
 – Associated endophthalmitis

• The management of viral keratitis varies depending on its presentation, whether 
it is epithelial, stromal, both or associated with uveitis. This shall be discussed 
further in the respective chapter on corneal ulcers.

• A strong level of suspicion is needed to diagnose cases of acanthamoeba kerati-
tis. History of taking bath in a pond/swimming pool or use of contact lenses 
should make one suspicious of acanthamoeba. Scrapings taken for KOH mount 
may reveal double-walled cysts on microscopy and growth on non-nutrient agar 
with E. coli overlay confirms the presence of acanthamoeba. Treatment usually 
involves the use of biguanides such as PHMB and antiseptic agents such as 
chlorhexidine. Acanthamoeba may lead to severe inflammation and there are 
specific indications where topical steroids may be used in such cases.

• Indications for therapeutic keratoplasty:
 – Large corneal ulcers not showing any response to treatment
 – Infiltrate involving the limbus or approaching the limbus despite maximal 

medications
 – Deep infiltrates not responding to topical or oral medications
 – Large central perforation not amenable to tissue adhesives

• Supplementary treatment may involve: the use of cycloplegic drugs to reduce 
ciliary spasm and resultant pain, oral analgesics to reduce pain, repeated debride-
ment of plaques in cases of fungal keratitis to increase drug penetration and 
facilitate faster resolution

4.5.4  Peripheral Ulcerative Keratitis

Peripheral ulcerative keratitis presents with a crescent-shaped stromal inflammation 
involving the juxtalimbal cornea associated with thinning and an overlying epithe-
lial defect. It may have an infective or non-infective (more common) etiology. 
Infective PUK may be treated similarly on the lines of a corneal ulcer as discussed 
above. However, non-infective causes of PUK share a common pathogenic mecha-
nism of immune-mediated inflammation, and therefore immunosuppression forms 
the mainstay of treatment in such cases. PUK is most often associated with autoim-
mune diseases of which rheumatoid arthritis is the most common, hence systemic 
immunosuppression with oral steroids, cytotoxic agents (methotrexate, azathio-
prine, mycophenolate mofetil, cyclophosphamide, etc.), and/or biological agents 
(infliximab, rituximab, etc.) is essential in treating systemic disease as well as ocu-
lar manifestations such as scleritis and PUK.  Local ocular treatment of PUK 
involves the use of lubricants (as most of these autoimmune diseases also lead to dry 
eye and to wash away the inflammatory mediators), topical antibiotics (to prevent 
secondary infection), and topical steroids (to reduce surface inflammation). The sur-
gical management includes resection of the perilimbal conjunctiva surrounding the 
area of PUK.
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Tissue adhesive may be applied over an area of thinning to provide more tectonic 
support and can be used to seal small (<3 mm) perforations. Larger areas of stromal 
melting or perforation may require penetrating keratoplasty in the form of lamellar 
or full thickness crescentic patch grafts.

A step ladder approach for immunosuppression based on the severity of involve-
ment (number of quadrants of peripheral corneal involvement, percentage stromal 
loss, impending or frank perforation), laterality, and age of the patient may be used 
for treating Mooren’s ulcer.

4.5.5  Contact Lens-Related Emergencies

These include microbial keratitis (MK), contact lens-induced acute red eye 
(CLARE), contact lens-induced peripheral ulcer (CLPU), and infiltrative keratitis 
(IK). In all the above cases, contact lenses should be immediately discontinued and 
in cases of microbial keratitis, the contact lens, its case and cleansing solution along 
with the corneal scrapings should be sent for a microbiological workup and the 
management should be similar to that of a corneal ulcer as described earlier. In cases 
of CLARE, CLPU (may add prophylactic antibiotic) and IK discontinuation of con-
tact lenses, use of lubricants, and close observation are sufficient for resolution. 
Whenever there is a doubt in differentiating CLPU from MK it is always advisable 
to scrape the lesion and send for microbiological confirmation.

4.5.6  Corneal Hydrops

Corneal hydrops may be seen in patients with advanced ectatic disorders of the 
cornea such as keratoconus, pellucid marginal corneal degeneration (PMCD), and 
keratoglobus.

Spontaneous resolution of hydrops without any surgical intervention usually 
takes around 2–4 months; therefore, hydrops may be managed conservatively 
with topical lubricants, hypertonic saline eye drops (to withdraw fluid from the 
stroma), topical steroids (to reduce inflammation and neovascularization), and 
cycloplegics to reduce pain. However, the use of intracameral gases such as SF6 
and C3F8 helps speed up recovery by mechanically reattaching DM to the poste-
rior stroma and by preventing further percolation of aqueous into the stroma. In 
cases of large stromal clefts or where the gas bubble migrates intrastromally, com-
pression sutures may be used along with gas injection. Although the final visual 
outcome is similar to conservative or surgical management, intracameral gas 
injection usually hastens recovery by 1–2 months. However, it is important to note 
that intracameral gas injection may not offer any benefits in cases of PMCD and 
keratoglobus as the DM break and detachment is too peripheral in PMCD and too 
large in cases of keratoglobus.

Once the corneal edema resolves the corneal surface usually flattens, which 
might lead to an improvement in visual acuity and allow for better contact lens 
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fitting; however, cases of dense central corneal scarring may require corneal trans-
plants in the form of DALK or PK.

4.5.7  Post-PK Emergencies

Patients who undergo corneal transplantation in the form of penetrating keratoplasty 
may face numerous complications in both the early and late postoperative periods. 
A few of these complications require immediate attention and are listed below:

 1. Suture related—loose or broken sutures can be picked up by fluorescein staining 
and should be removed. If there is an associated wound leak (positive Siedel’s 
test) on the removal of the suture, a new suture should be applied. The presence 
of an infiltrate with an overlying epithelial defect near at the suture end is char-
acteristic of a stitch abscess; corneal scraping should be taken and treatment 
should be initiated accordingly. However, a stitch abscess must be differentiated 
from immune-related suture infiltrates, which are multiple grayish white dot- 
sized infiltrates along the length of the suture without any overlying epithelial 
defect; these may be treated by simply stepping up topical steroids.

 2. Graft infiltrate—any infiltrate in the graft should be managed along the lines of 
corneal ulcer management mentioned earlier. In case a therapeutic keratoplasty 
was done for corneal infection, it is important to differentiate a new infiltrate 
from recurrence. In cases of recurrence, the infiltrate usually starts in the host 
and straddles the graft-host junction spreading to the donor graft. If the recur-
rence is not brought under control with medications, then a repeat keratoplasty 
may be required with a larger graft.

 3. Persistent epithelial defect—the donor surface usually epithelises completely by 
1 week postoperatively; however, in certain situations epithelial defects may per-
sist. It is important to preoperatively assess all the factors that may delay or 
impede epithelialization of the graft and address these appropriately. For exam-
ple, lid problems, such as entropion, ectropion, trichiasis, lagophthalmos, or 
blepharitis, should be corrected. If tear production is deficient, punctal occlusion 
should be considered. In conditions, such as ocular pemphigoid, Stevens–
Johnson syndrome, and chemical injuries, limbal stem cell transplantation along 
with AMT and tarsorrhaphy should be considered along with penetrating kerato-
plasty. Postoperative management of persistent epithelial defects involves the 
use of preservative-free lubricants, AMT, and tarsorrhaphy. It is important to 
start a topical broad-spectrum antibiotic in order to prevent secondary graft 
infection.

 4. Post PK glaucoma—a raised IOP on the first postop day may be due to retained 
viscoelastic which usually clears within 24–48  h. Another common cause of 
early postoperative glaucoma is a pupillary block which may be relieved by 
using eye drops to dilate the pupil, in cases where this fails, a peripheral laser 
iridotomy or surgical peripheral iridectomy may be indicated. Post-PK glau-
coma may also occur secondary to prolonged use of topical steroids, which can 
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be controlled by using topical AGMs and switching over to softer steroids like 
loteprednol or fluorometholone. The formation of extensive peripheral anterior 
synechiae may also lead to angle closure and rise in IOP, this may be brought 
under control with the help of topical and systemic AGMs and a peripheral 
 iridotomy. In cases of post PK glaucoma not responding to maximal antiglau-
coma medication, surgical intervention in the form of transscleral cyclophotoco-
agulation (TSCPC) or Ahmed glaucoma valve may be considered.

 5. Wound dehiscence—any trauma to a post-PK eye may result in the graft host 
junction giving way, resulting in wound dehiscence. Such situations require 
urgent surgical intervention to reappose the graft host junction with sutures and 
prevent dreadful complications such as endophthalmitis and expulsion of intra-
ocular contents.

 6. Allograft rejection—it is vital to pick up signs and symptoms of allograft rejec-
tion early, so that treatment can be initiated in time to reverse the episode of 
rejection and prevent subsequent graft failure. The mainstay of treatment is ste-
roids; a single intravenous methylprednisolone (IVMP) 500 mg pulse dose may 
be given in cases of severe reaction, while stepping up the frequency of topical 
steroids to hourly instillation. Oral steroids are also implicated in reversing an 
episode of rejection and topical cyclosporine or tacrolimus may be added for 
long-term immunosuppression to prevent further episodes of rejection.

4.5.8  Post-refractive Surgery Corneal Emergencies

• These include: Microbial keratitis—early-onset infections are usually caused by 
Gram-positive cocci, whereas late-onset infections may be due to atypical myco-
bacteria or fungi. LASIK flaps should be lifted, and scrapings should be taken 
from the stromal bed for smear and culture. The flap bed should be irrigated with 
fortified antibiotics and topical antibiotics should be started based on the smear 
report. In non-responsive infections, the flap may need to be amputated to facili-
tate antibiotic penetration.

• DLK—aggressive use of topical steroids (hourly administration) should be initi-
ated. This may be combined with oral steroids for stage 2 and 3 DLK. Flap lift 
and irrigation may be required in some cases of stage 2 DLK and all cases of 
stage 3 and 4 DLK.

• PISK—The most important step in the management of PISK is to differentiate it 
from DLK by careful slit lamp examination to look for interface fluid and IOP 
measurements. IOP should be measured both centrally and peripherally with 
Goldmann applanation or tonopen. Once the diagnosis of PISK is confirmed, 
steroids should be stopped and antiglaucoma medications should be initiated 
until the interface fluid resolves.

• CTK—is self-limiting and treatment is not required; however, it is important to 
distinguish it from stage 4 DLK.

• Epithelial ingrowth—majority of the mild cases not affecting visual acuity may 
be managed by just observation. However, in moderate to severe cases involving 
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the visual axis, initial surgical treatment involves flap lift, removal of epithelial 
cells from the under surface of the flap and the stromal bed using a blade and 
replacement of the flap without glue or sutures. In recurrent episodes, fibrin glue 
or flap sutures may be used to prevent further ingrowth. Another treatment 
modality involves the use of YAG laser targeted at the epithelial cells.

One of the most dreaded postoperative complications of LASIK is post-LASIK 
ectasia. It is of utmost importance to differentiate myopic regression from post- 
LASIK ectasia as enhancement surgery in the latter can lead to worsening of ecta-
sia; therefore, critically reviewing the preoperative corneal topography and 
tomography maps as well as AS-OCT may help in outlining whether the patient had 
any preoperative risk factors (age, abnormal topography, corneal thickness, residual 
stromal bed thickness, etc.) for developing ectasia. The patient usually presents with 
a gradual diminution of vision which may be worse than his preoperative BCVA. An 
increase in irregular astigmatism accompanied by focal steepening (often inferi-
orly) on corneal topography usually clinches the diagnosis of post LASIK ectasia. 
Management of post LASIK ectasia can be conservative, minimally invasive, or 
invasive and includes RGP or scleral contact lenses, Collagen cross-linking (CXL), 
or keratoplasty.

The most common post-PRK complications are delayed epithelial healing and 
corneal haze. The former can be managed by prescribing frequent lubricants and 
applying a well-fit bandage contact lens. Most of the epithelial defects usually 
resolve within the first week. Delayed epithelial healing may increase the risk of 
secondary infections. Post-PRK corneal haze usually appears in the first few weeks 
or months following PRK, although late-onset haze may also occur. Post-PRK haze 
can be managed with topical steroids and adjunctive such as mitomycin C. Severe 
haze may need surgical intervention.

4.5.9  Corneal Perforation/Laceration

In all cases of corneal perforation, it is important to find out and treat the primary 
etiology behind the perforation. The management algorithm to be followed in cases 
of corneal laceration and perforation with tissue loss is summarized in Figs. 4.5 and 
4.6. The causes of corneal perforation can broadly be classified into:

• Infective—In cases of corneal ulcers, the ongoing stromal infiltration, inflamma-
tion, and lysis may result in corneal perforation. It is important to take scrapings 
from the surrounding stromal infiltrate and send them for a microbiological 
workup to identify and treat the causative organism. Oral tetracyclines may be 
added to reduce collagenolysis and stromal lysis by their inhibitory action on 
MMPs produced by the infiltrating neutrophils.

• Non-infective—can be either traumatic perforations or may be related to autoim-
mune disease:
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 – Traumatic—small perforations may be closed directly using sutures, whereas 
larger perforations with tissue loss may require a corneal patch graft or PK.

 – Autoimmune disease—perforations occurring in areas of severe peripheral 
thinning (like in PUK) or in eyes having severe dry eye should lead one to 
suspect an immune-mediated etiology. A complete systemic workup includ-
ing blood tests should be advised to identify any collagen vascular diseases or 
autoimmune diseases that may have led to the corneal perforation. The main-
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Fig. 4.5 The management algorithm for management of a corneal laceration
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stay of treatment in such cases involves systemic immunosuppression by 
intravenous steroids, oral steroids, or steroid-sparing agents (cytotoxic agents, 
cyclosporine, and biological agents). Topical lubricants should be used to pro-
mote epithelial healing and to wash out the inflammatory mediators.

4.6  Conclusion

Corneal emergencies range from corneal foreign bodies to sight-threatening corneal 
ulcers. The diagnostic and therapeutic approach to each corneal emergency is differ-
ent and has been described in this chapter.

Key Points

• Corneal emergencies are the most common ocular emergencies that present in 
the emergency room.

• Timely diagnosis and management are the key and help in saving sight as well as 
globe integrity.

• Detailed history taking and clinical examination including a comprehensive sys-
temic workup is the first step in the management of a corneal emergency.

• Investigations such as fluorescein staining, X-Ray orbit, CT, MRI, Ultrasound 
B-scan, Ultrasound Biomicroscopy, ASOCT, Corneal topography, In vivo confo-
cal microscopy, and OCT angiography can aid in diagnosis as well as case- 
specific management of these potential sight-threatening emergencies.

• Therapeutic approach to a corneal emergency is also case-specific and includes 
appropriate medical management or surgical treatment in the form of corneal 
perforation repair, use of tissue adhesives, and keratoplasty.
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5.1  Introduction

Minor corneal emergencies are a frequent presentation to the general and ophthal-
mic emergency departments. These can involve traumatic corneal abrasions, cor-
neal foreign body, photokeratitis, chemical injuries, contact lens-related problems 
and even microbial keratitis. Corneal abrasions and corneal foreign bodies are the 
commonest with an incidence of approximately 3 per 1000 persons and 2 per 1000 
persons in the United States [1]. The patients usually present with a history of 
trauma followed by pain, tearing and foreign body sensation. The primary care for 
these cases by the general practitioner itself might suffice most of the time, but anxi-
ety and mismanagement result in unwanted complications. Patching, topical antibi-
otics, cycloplegics and topical tear substitutes are the mainstay of treatment after 
establishing the diagnosis. Most of the cases resolve without any sequelae.

5.2  Corneal Abrasions

Traumatic corneal abrasions are amongst the commonest presentations of minor 
injuries to the cornea. They constitute almost 10% of the new cases presenting to the 
eye emergency department [2]. Corneal abrasion or corneal epithelial defect is 
defined as the loss of the surface epithelial layer of the cornea. A history of trauma 
is usually elicited.
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5.2.1  Aetiology

Important causative factors are as follows:

• Mechanical trauma—self-induced or from others
• Contact lens related
• Trauma from outdoor activities (occupational/sports/recreation)
• Foreign body
• Chemical or flash burns

Accidental fingernail injuries are one of the most common causes of corneal 
abrasions. They are usually linear or geographic lesions(Fig. 5.1) [3]. As fingernails 
often harbour contaminants and microbes, there are increased chances of infection. 
Even though this mode of injury is quite common, there is a paucity of evidence in 
published literature. In a study conducted on 39 patients who completed 1 year 
follow-up, it was reported that long-term complications in the form of recurrent 
corneal erosion were seen in 15% of the patients and one patient developed corneal 
scarring with long-term effect on visual acuity with male gender (86%) and adult 
age group (43%) predominantly developing long-term complications [4]. In this 
series, no case of fingernail trauma developed a corneal infection, supporting the 
fact that prophylactic antibiotics play an important role in the management of minor 
corneal injuries [4].

Studies from different parts of the world have shown that occupational eye inju-
ries constitute almost one-fourth of the total eye injuries. According to the 2008 
Bureau of Labour Statistics analysis of workplace injuries, occupational eye injuries 
accounted for 62% of all facial injuries and it led to at least 1 day off from work [5].

a b

Fig. 5.1 Slit lamp photographs showing (a) peripheral and (b) central linear corneal abrasion fol-
lowing fingernail trauma in two patients
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5.2.2  Clinical Features

The presenting signs and symptoms in a patient with corneal abrasion are highly 
non-specific (Table 5.1). The presentation will vary depending on the nature of the 
injury, and whether associated with a foreign body in situ. Superficial injuries tend 
to cause more symptoms and discomfort than the deeper ones due to exposure of the 
subepithelial nerve plexus in superficial injuries. The superficial corneal plexus gets 
exposed with even a mild abrasion leading to severe pain. A transient decrease in 
visual acuity is expected.

Signs can be elicited in each case if examined in detail and with a high index of 
suspicion (Table 5.2). Pupillary reaction can be a useful guide to assess the degree 
of involvement, a nonreacting or sluggish pupil should ring alarm with respect to the 
involvement of optic nerve. Miosis and circumcorneal congestion indicate trau-
matic iritis.

5.2.3  Complications

Even though majority of the corneal abrasions heal without any sequalae, if improp-
erly treated can potentially develop long-term sight-threatening complications. A 
detailed clinical examination and removal of any foreign body with proper treat-
ment are absolutely essential in any case of corneal injury. Complications that can 
arise include infectious microbial ulcers, recurrent erosion syndrome, traumatic iri-
tis, residual scarring and opacity and consequent refractive error.

• Acute ocular pain
• Redness
• Watering
• Foreign body sensation
• Sensitivity to light
• Varying degrees of diminution in vision

Table 5.1 Symptoms of corneal abrasion

• Congestion
• Photophobia
• Blepharospasm
• Reduced visual acuity
• Foreign body +/–
• Epithelial defect/ulcer with infiltrate
• Hyphema
• Hypopyon
• Abnormal pupillary reaction
• Other posterior segment involvement signs if any

Table 5.2 Signs of corneal abrasion
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5.2.4  Examination and Investigations

A detailed history of the mode of injury with a thorough clinical examination is 
mandatory in any case of ocular injury. Any history of high-velocity injury should 
urge the examiner to look for other associated signs in the eye. A systematic step- 
wise approach should always be followed by the primary care physicians to deter-
mine if any intervention is needed or referral to an ophthalmologist is needed 
(Fig. 5.2).

Following adjuncts should be readily available to perform a comprehensive eye 
examination: a Snellen visual acuity chart, torch light and binocular loupe, a direct 
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body sensation

Associated with severe reduction in
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hyphema or hypopyon, any sign of
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NSAIDs , lubricant drops and oral
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History of contact lens wear
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Treat with topical fluoroquinolone
or aminoglycoside, topical NSAIDs,
topical lubricants, oral analgesics

Refer to specialist immediately

Fig. 5.2 Flow chart algorithm on general approach to a patient presenting with corneal abrasion
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ophthalmoscope, slit lamp, topical anaesthetic drops, and fluorescein strips 
(Table 5.3). Instillation of topical proparacaine like anaesthetic drops can make fur-
ther examination easier especially if associated with severe photophobia and bleph-
arospasm. A simple pen torchlight might not always be sufficient enough to detect 
an epithelial defect. This makes fluorescein dye drops or strips a necessary tool in 
diagnosing an occult epithelial defect. Fluorescein guided detailed slit lamp exami-
nation noting the size of the abrasion, its depth, any foreign body or any surrounding 
infiltrate. The eyelids should be everted and examined for any foreign body/giant 
papillae/concretions as that itself can cause corneal abrasion while blinking. Simple 
corneal abrasions are usually not associated with other deeper tissue involvement 
but detailed evaluation of the rest of the anterior segment should be done to rule out 
injury to other structures like the iris, traumatic cataract formation and also poste-
rior segment involvement like commotio retinae, vitreous haemorrhage, retinal 
detachment, etc.

5.2.5  Management

It is important to manage every case of corneal abrasion carefully so as to prevent 
secondary infection and also to provide symptomatic relief to the patient. Even 
though minor abrasions of the cornea heal in most cases without any complication, 
there is a high risk of infection when the epithelial barrier is compromised. So, the 
mainstay of management involves prophylactic broad-spectrum antibiotics with 
lubricants to fasten healing. Usually, a fluoroquinolone like moxifloxacin (0.5%) or 
Gatifloxacin (0.3%) is preferred at least four times per day for 5–7 days along with 
carboxy methyl cellulose (0.5% or 1%) drops given six to eight times in the initial 
2–3 days to fasten the process of re epithelisation. Even though there is an over-
whelming lack of definitive treatment protocols in a case of corneal abrasion, most 
people follow the treatment as mentioned above.

Pain is another important concern in a case of corneal abrasion. Cycloplegic 
drops like homatropine 2% drops given four times/day are seen to be effective in 
relieving pain. Other means of pain control include the application of a bandage 
contact lens or pressure patching. Topical steroids should not be prescribed 
whenever an epithelial defect is present. Topical anaesthetic drops can aid in exami-
nation procedures but their extended use can have a deleterious effect on the cornea 
like delayed wound healing and ulcer formation.

Patching of the involved eye is an age-old treatment for traumatic corneal abra-
sions. It acts by reducing the discomfort caused by repeated blinking and friction 

Table 5.3 Equipments required for examination of a case of corneal abrasion

1. Slit lamp with a cotton blue filter or a wood’s lamp
2. Pen torch or a direct ophthalmoscope
3. Anaesthetic drops (proparacaine drops 0.5%)
4. Sodium fluorescein drops or strips
5. Topical antibiotic solution
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between the lid and the abrasion. However, recent studies suggest that there is no 
added advantage of patching [6]. In a Cochrane review that included six studies 
from North America, five from Europe, and one from South America (Brazil) 
comparing the use of eye patches with no patching, it was found that in the first 
24 h the people receiving patching is less likely to have a healed epithelial defect 
and may suffer from slightly more pain when compared to those with no patching 
given [7]. The other disadvantages include patient discomfort and disruption in 
binocular vision. Patching can reduce the oxygenation of cornea and the removal 
of metabolic waste products can get affected and the warm, moist environment by 
itself can act as a reservoir for infectious organisms [8]. Even though the role of 
patching remains controversial in the management of corneal abrasions, it can be 
extremely useful in cases of larger abrasions, paediatric patients and in mentally 
challenged adults [7].

5.3  Corneal Foreign Body

Corneal foreign bodies are usually comprised of sand or dust particles, but can also 
be vegetative material, stone, metallic, glass or wooden particles especially when 
the injury is inflicted in the workplace (Fig. 5.3). Farmers, construction and mechan-
ical workers are mostly affected. Activities that pose more risk include grinding, 
hammering, drilling, and welding. Lack of protective eyewear and high-risk activi-
ties together contribute to such incidents. In a recent study from India, it was seen 
that 96% of the cases with corneal foreign body were patients in the age group rang-
ing from 14 to 44 years, all of them being males. It was also reported that only 27% 
were wearing protective eye gear during these high-risk activities [9]. Hence, the 
need for more public education and stringent reinforcement of these guidelines is 
important.

a b

Fig. 5.3 Slit lamp photographs showing (a) metallic foreign body on the corneal surface and (b) 
wooden corneal foreign body embedded in anterior stroma with associated nebular corneal opacity
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5.3.1  Clinical Features

Clinical features related to corneal foreign body are similar to that of corneal abra-
sion cases but with a history of foreign body fall into the eye and symptoms can 
include watering, pain, foreign body sensation, increased sensitivity to light and 
blurring of vision in the eye depending on the size of foreign body, site of injury 
(central or peripheral) and other associated injuries. In the case of high-velocity 
injuries like blast injuries, the presence of multiple foreign bodies over conjunctiva 
and adnexal areas should be looked for (Fig. 5.4). Signs will include the presence of 
a foreign body over the ocular surface with an associated epithelial defect, conjunc-
tival congestion, localised corneal haze or oedema, anterior chamber reaction and 
iritis of varying extent. Posterior segment findings like vitreous haemorrhage, reti-
nal detachment, commotio retinae, optic nerve avulsion, etc. should be looked for 
and ruled out.

5.3.2  Complications

With timely removal and adequate postoperative care including regular follow-up, 
most of the cases of corneal injury with a foreign body do not result in any compli-
cations. Infrequently, a corneal scar formation with sub-optimal vision gains espe-
cially in those cases with central rust ring, iritis, cataract, secondary glaucoma or 
endophthalmitis may occur.

5.3.3  Investigations

A detailed history of the mode of injury, duration since the occurrence, any associ-
ated injuries of the body, visual acuity assessment, slit lamp examination to assess 
the site, size, number of foreign bodies is absolutely essential. A thorough 

Fig. 5.4 Slit lamp image 
showing multiple pellets 
embedded in the 
conjunctiva in a case of 
gunshot injury
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examination including upper eyelid eversion to look for any foreign body that has 
settled under the tarsal plate should be done. These inconspicuous foreign bodies 
can cause micro-trauma to the corneal layers with each blinking movement.

Additionally, anterior segment OCT and ultrasound biomicroscopy are helpful 
tools to delineate the shape, size and precise location of foreign bodies. However, 
UBM may be unsuitable in corneal tears, because of the pressure induced by the 
water bath and the risk of contamination [10]. AS-OCT provides detailed high- 
resolution images of cornea, at various depths thereby providing an accurate assess-
ment of foreign body characteristics. Different types of foreign bodies show 
different reflectivity. Glass foreign bodies are well delineated with no internal 
reflectivity; wood exhibits moderate internal reflectivity while metal exhibits high 
anterior reflectivity with shadowing [11]. Foreign body composition determines the 
urgency of its removal and metallic foreign bodies require urgent removal [12].

The high resolution of AS-OCT is ideal for evaluating the depth and size of a 
foreign body in addition to extent of damage to surrounding tissue. It may thus 
guide the treatment choice and technique. Furthermore, Descemet’s membrane 
integrity and the wound of entry can be utilised to plan surgical removal. If the 
Descemet’s membrane is found to be intact with a foreign body impacted at a mid- 
stromal or superficial location and an evident wound of entry it can be removed 
through the anterior route, whereas when Descemet’s membrane is breached and the 
foreign body is impacted at the deep stromal level it has to be removed via the ante-
rior chamber using an air tamponade. AS-OCT can also guide on the potential risk 
of corneal perforation in event of corneal thinning due to damage incurred by a 
foreign body. Such cases may require corneal gluing with a bandage contact lens 
along with foreign body removal.

A fully dilated fundus examination to rule out co-existent injuries and also imag-
ing to assess for any intraocular foreign body or intracranial foreign bodies, espe-
cially in cases of blast injuries, should be done. An ultrasound examination (a gentle 
one) might be necessary to look for vitreous haemorrhage or retinal detachment 
when the posterior segment visibility is compromised by hyphaemia or corneal 
oedema. Xrayorbit, B-scan ultrasound and non-contrast computed tomography of 
the head and orbit, wherever needed should be done to rule out the presence of 
intraocular or intracranial foreign bodies.

5.3.4  Management

A foreign body is usually present over the corneal surface (Fig. 5.5) or under the 
upper tarsal conjunctiva or in the upper or lower fornix. These are usually removed 
under topical anaesthesia using proparacaine 0.5% drops with either vigorous irri-
gation or on a slit lamp carefully using a 26 or 30G needle (Fig. 5.6) or small ser-
rated ophthalmic forceps or even a moist cotton swab. An ophthalmic corneal burr, 
or spud, or more commonly called the “Alger brush” can also be used if available. 
It can be used to flick out the foreign body as it rotates, but it is more commonly 
used to get rid of the rust ring that a metallic foreign body leaves behind (Table 5.4). 
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All metallic foreign bodies regardless of the depth should be removed, as they may 
form a rust ring on reaction with the stromal tissue unlike the inert ones like glass or 
plastic which if cannot be removed easily, maybe carefully observed on regular 
follow-up visits. Smaller rust rings may resolve on their own with time and can be 
left alone, but larger ones, especially those located in the centre need to be removed 
as these have an impact on future vision, can hamper wound healing, or cause sec-
ondary iritis and stromal degeneration [13].

Following removal, the entry point should be checked for any aqueous leak using 
a fluorescent strip. If the seidel’s test turns out to be positive, that is a visible leak or 
a lighter colour due to dilution of the dye by the aqueous humour, an overnight tight 
patching or tissue adhesive with bandage contact lens should be done depending on 
the clinicians’ judgement and availability of resources in the emergency setting.

Fig. 5.5 Slit lamp image 
showing superficial 
wooden stick foreign body 
in a 28-year-old male 
patient

Fig. 5.6 External 
photograph demonstrating 
a bent 26-gauge needle that 
can be used to remove 
corneal foreign bodies

Table 5.4 Equipments needed for foreign body removal

1. Slit lamp with a cobalt blue filter or wood’s lamp
2. Anaesthetic drops (proparacaine 0.5%)
3. Sodium fluorescein drops or strips
4. 26 Gauge needle, can use a bent one.
5. Sterile Cotton tipped applicator
6. Alger brush (if available)
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A foreign body embedded deeper in the cornea or extending into the anterior 
chamber needs removal under surgical microscope in an operation theatre. Any 
prolapsed uveal tissue might need excision or abscission depending on the 
duration of the injury. Wound is closed using interrupted 10-0 nonabsorbable 
sutures.

Postoperative treatment includes prophylactic topical and systemic broad- 
spectrum antibiotics (E/D Moxifloxacin 0.5% QID), lubricants (E/D CMC 0.5% 
4–6 times/ day) and a mydriatic- cycloplegic (E/D Homatropine 2% 2–4 times/day) 
to alleviate ciliary spasm and related discomfort. Topical corticosteroids like 
Dexamethasone 0.1%, Fluoromethalone 0.1% eye drop can be used to minimise 
postoperative inflammation and subsequent haze. However, steroid eye drops should 
be given only when the epithelial defect has healed. Macedo et al. [14] in his study 
reported that 90% of the bacterial culture-positive cases of corneal foreign bodies 
were sensitive to fluoroquinolone drops. Patching the eye, even though controver-
sial and have not been seen to reduce the healing time or the degree of discomfort 
[6], is used commonly among Ophthalmologists. It can be tried especially in chil-
dren and highly apprehensive adult patients to prevent further damage. It is contra-
indicated in contact lens wearers, as well as in cases of organic foreign bodies, as in 
these cases can increase the rate of infection. Systemic non-steroidal anti- 
inflammatory drugs in the form of tablet ibuprofen 200 or 400 mg BD or Diclofenac 
sodium 50 or 75 mg BD can be given in the initial 2–3 days, and if indicated, anti- 
glaucoma medication (E/D Timolol 0.5% or its combination with E/D brimonidine 
0.2% BD) should be added. The follow-up schedule needs to be personalised on a 
case-by-case assessment based on the location, depth of the foreign body and asso-
ciated ocular injuries.

Prognosis for vision is usually good. It can vary with the size, depth of involve-
ment and nature of the foreign body involved. Peripheral and superficial ones have 
a very good prognosis with no long-term effect on visual acuity whereas central and 
deeper ones can be complicated and may need more frequent follow-up visits until 
they regain near-normal visual acuity. Prophylactic measures and appropriate edu-
cation of the workers indulged in high-risk activities on the importance of wearing 
protective eye gear, about its appropriate fit, the seriousness of the injuries that can 
occur including the chances of complete loss of vision are of prime importance in 
preventing such injuries.

5.4  Recurrent Corneal Erosions

Recurrent corneal erosions are an important cause of ocular discomfort and can 
predispose the cornea to infections. Once it develops, medical treatment is enough 
for resolution in most cases. But in few patients, the treatment might fail and will 
result in recurrent erosions.
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5.4.1  Aetiology

The majority of patients presenting with recurrent corneal erosions (RCE) give a 
history of trauma. When there is no obvious history of trauma, an underlying disor-
der like corneal dystrophies or ocular surface disease should be suspected and 
looked for. The incidence of recurrence was shown to be 1:150 cases following 
traumatic abrasion [15].

5.4.2  Aetiological Types

Recurrent erosions can be primary or secondary depending on whether the base-
ment membrane complex abnormality is inherent or acquired. Primary would 
involve epithelial dystrophies like epithelial basement membrane dystrophy or map 
dot fingerprint dystrophy, Reis’s buckler, lattice, granular or even stromal ones like 
macular dystrophy. Secondary causes are trauma, keratoconjunctivitis sicca, 
Salzmann nodular degeneration, herpetic infection, meibomian gland dysfunction 
where the basement membrane damage is acquired [16].

5.4.3  Clinical Features

The complaints are usually episodes of pain, discomfort, watering, increased sensi-
tivity to light and associated blurring of vision typically on waking up in the morn-
ing. The history is usually one of the repeated episodes of ocular discomfort 
interspersed with periods of complete inactivity in a patient with or without a prior 
history of corneal injury or abrasion. These are usually seen in the central area due 
to the loose central epithelium getting displaced with the blinking of eye. The 
appearance of the affected cornea varies from loosely adherent and elevated epithe-
lium, epithelial microcysts, or corneal epithelial defects, to stromal infiltrates and 
opacities [17, 18].

Two types have been described clinically- macro and micro erosions [19]. In the 
macro form, there is extensive involvement of the corneal surface and thus associ-
ated increased severity of symptoms and a prolonged period of recovery. Whereas 
the microform is one with a smaller area involved and less symptoms with rapid 
recovery and can be missed easily on examination.

5.4.4  Management

The treatment is usually in the form of mechanical debridement of the loose epithe-
lium or removing the epithelium by using alcohol. Superficial corneal ablative 
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procedures like Phototherapeutic Keratectomy may be performed with a reported 
success rate between 60 and 100% [20, 21]. For recalcitrant cases, a therapeutic 
bandage contact lens can be used. Techniques like anterior stromal puncture using 
26 gauge needle, Nd:YAG laser treatment, micro diathermy can be used to promote 
scar tissue in the subepithelial layer and thereby promote epithelial stability.

5.5  Photokeratitis

Photokeratitis also known as snow blindness or welder’s arc is another important 
reason for seeking treatment in the emergency department. It is caused by damage 
to the eye from direct exposure to ultraviolet rays. It is acute painful punctate kera-
topathy that occurs due to ocular surface damage.

5.5.1  Aetiology

Commonly implicated situations that can result in this condition are direct viewing 
of a solar eclipse, from tanning lamps or welding arcs. Sunlight reflection from 
sand, water, ice and snow all can lead to photokeratitis.

5.5.2  Clinical Features

Patients usually present with severe pain, watering and intolerance to light hours 
after the exposure. Other associated features include blurring of vision, headache, 
halos around lights. Multiple superficial punctate staining areas can be seen all over 
the cornea on slit lamp examination. This is a transient inflammatory reaction and 
tends to appear within 6 hours after exposure and the patient completely recovers in 
approximately 48 h without any long-term consequences [22].

5.5.3  Management

It is treated with eye patching, topical prophylactic antibiotics, lubricant drops and 
cycloplegics. Public education on avoiding direct sunlight exposure, wearing pro-
tective eye gears in the form of shades or goggles or UV (ultraviolet) resistant con-
tact lenses to protect the cornea are important preventive public health measures to 
be reinforced.

5.6  Minor Chemical Injury

Chemical injury is another important cause of eye-related emergency. It accounts 
for 11.5–22.1% of traumatic ocular injuries with a majority of the victims being 
young males [23]. It is one amongst the common workplace-related injuries. A 
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proper history can distinguish this from other differentials. It can be caused by both 
acid and alkali, chuna particle injury being the commonest [24]. Studies show alkali 
injuries to be more common than acid due to its extensive use both in industries and 
in household. Alkali injury is more dangerous as it penetrates more and results in 
severe forms of ocular injuries.

5.6.1  Clinical Features

Symptoms include pain, redness, watering, intolerance to light, irritation with for-
eign body sensation with a typical history of exposure to chemical agents either at 
home or at the occupational site. On examination, varying degrees of conjunctival 
and corneal involvement can be seen (Fig. 5.7). Area or clock hours of limbal isch-
emia and conjunctival involvement is to be clearly noted as the prognosis depends 
on the extent of limbus involved. Corneal injury can be superficial with an epithelial 
defect in cases of minor chemical injury. In cases of chuna particle injury, particu-
late material may be seen sticking to the area of involvement or in the fornices 
which need to be removed meticulously so as to curtail the exposure to the agent.

5.6.2  Management

The immediate management should be given within the first few minutes of the 
injury and involves copious irrigation of the ocular surface with any non-toxic liq-
uid (tap water, normal saline, ringer’s lactate or balanced salt solution) for a mini-
mum of 30 min. pH should be checked from the cul-de-sac after every 5–10 min of 
irrigation and further irrigation to be done till pH reaches 7. A topical anaesthetic 
guided thorough examination of the ocular surface including all fornices by double 
eversion needs to be carried out after irrigation. Topical medications like antibiotic 
drops to prevent bacterial superinfection, topical steroid drops to control inflamma-
tion (needs to be tapered rapidly if epithelial defect present), sodium ascorbate and 
sodium citrate to minimise ulceration, cycloplegic drops like 2% homatropine for 

Fig. 5.7 Image of a case of acute chemical injury showing conjunctival and corneal involvement
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pain relief, anti-glaucoma medications like brimonidine and timolol to tide over 
spikes in intraocular pressure along with measures to promote re-epithelization like 
supplementation of tear substitutes and application of bandage contact lens form the 
major crux of management. Oral tetracyclines which have anti-matrix metallopro-
tein activity along with vitamin C supplementation to promote collagen synthesis 
can help in controlling the disease activity in most cases. Other intermediate-term 
treatment modalities include debridement of the necrotic area with or without amni-
otic membrane transplantation, tissue adhesives like cyanoacrylate glue with BCL 
application for small corneal perforations and conjunctival or tenon advancement to 
improve the blood supply of the limbal area.

Prognosis can vary from case to case with the chemical agent involved, its con-
centration and volume, duration of exposure, location of involvement, delay in pre-
sentation to hospital and immediate management given. Minor forms can be treated 
with a good prognosis, unlike the grievous ones which can lead to limbal stem cell 
deficiency, severe ocular surface disease and permanent visual disability to the sur-
vivor. Effective preventive measures such as the use of protective eyewear and first 
aid methods should be reinforced in the public to reduce the morbidity of the 
condition.

5.7  Corneal Infections

5.7.1  Viral Keratitis

Herpes simplex virus (HSV) can have varying manifestations in the human eye 
ranging from epithelial, stromal, endothelial keratitis. HSV epithelial keratitis clas-
sically appears in a dendritic pattern with terminal bulbs or in a geographic pattern 
(Fig. 5.8a, b). Points in history taking that can point towards a probable HSV infec-
tion will be usage of topical or systemic steroids, immune deficiency states or recent 
episode of fever, with blistering in and around mouth & nose, hormonal 

a b

Fig. 5.8 Slit lamp photographs of a patient with (a) herpetic epithelial keratitis showing dendritic 
ulcer and (b) geographic pattern seen in viral epithelial keratitis after coalescing of the dendrites, 
both presenting with acute onset of painful, red eye to the ophthalmic emergency department
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disturbances or UV or sunlight exposure. The patient most often typically gives a 
history of recurrent redness and pain with associated diminution of vision in the past.

5.7.1.1  Clinical Features
Symptoms are usually unilateral; although 1.3–12% of ocular HSV-1 is reported as 
bilateral [25]. Symptoms include photophobia, excessive tearing, pain, blurred 
vision, redness, irritation, foreign body sensation and painful blisters around the 
nose and mouth. On examination, the pattern of the ulcer can be either a dendritic 
one or a geographical one and characteristic finding of reduced corneal sensation is 
obtained in most cases. Epithelial involvement makes the patient more symptomatic 
rather than a deeper involvement like disciform keratitis. On staining the base of the 
ulcer which is composed of necrotic tissue takes up the fluorescein stain whereas the 
live virus laden marginal cells take up the rose Bengal stain. Associated stromal 
involvement in the form of stromal oedema, Descemet membrane folds can be pres-
ent. In necrotizing stromal variant active stromal lysis can be seen. Endothelial 
involvement can be linear, disciform or diffuse with specified keratic precipitates 
seen in each pattern.

5.7.1.2  Management
Typical history of recurrent redness associated with diminution of vision combined 
with slit lamp findings and associated reduced sensation over cornea is almost con-
clusive of the diagnosis. HSV PCR in tear film can be done for confirmation. 
Treatment involves topical antiviral medications. Acyclovir and ganciclovir are 
selective antiviral agents (gets activated in virus-infected cells only) that are effica-
cious in managing HSV epithelial lesions [26].

5.8  Miscellaneous

5.8.1  Contact Lens-Related Minor Emergencies

More than 140 million people all over the world wear contact lenses [27]. Clinicians 
in emergency care set up should be able to identify contact lens associated ocular 
conditions like a corneal abrasion, ocular pain and discomfort, inability to remove 
contact lens and also the sight-threatening ones like microbial keratitis. Discomfort 
usually arises after prolonged wear or in patients with a tight fit which typically gets 
relieved by discontinuing its use. In a study by Aslam et al., it was found that 12% 
of corneal abrasion cases were contact lens related [28].

5.8.1.1  Risk Factors
The factors that predispose to corneal injury in contact lens wearers are [29, 30]:

• Poor hand hygiene
• Soft contact lens wear
• Extended/overnight wear
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• Male gender
• Smoking
• Poor contact lens storage (such as use of tap water, lack of cleansing/regular 

replacement of case, using homemade solutions for storage)
• Poor ocular surface (such as dry eye disease, blepharitis)

The history of contact lens wear is thus important in any case of corneal abra-
sion. Bacteria are responsible for almost 90% of contact lens microbial keratitis and 
Gram-negative bacilli such as Pseudomonas aeruginosa and Serratia marcescens are 
the most involved group [31, 32].

Another important organism involved with contact lens keratitis is acantham-
oeba. Even though uncommon it is a well-known cause of contact lens-related kera-
titis [33]. Consider acanthamoeba keratitis in contact lens wearers with a history of 
exposure to soil or contaminated water, especially in patients who go for swimming 
with the lenses on [33].

5.8.1.2  Clinical Features
In cases of CLMK, a history of severe pain, redness, watering with associated dimi-
nution of vision are the common symptoms. Slit lamp findings a ring infiltrate on 
examination can point towards the diagnosis. At times, sterile inflammatory infil-
trates can be seen in patients wearing contact lens, like marginal keratitis or contact 
lens-related peripheral ulcer (CLPU). These occur due to an inflammatory response 
to the contact lens and can be differentiated by lesser severity of symptoms and 
signs which are sectoral and mild.

5.8.1.3  Investigations
Corneal scraping of the infiltrate is done if well-defined corneal ulcer is seen on 
examination. The contact lens along with its solution can be send for microbiologi-
cal examination for identification of the organism and better treatment of the same. 
Culture on non-nutrient agar medium streaked with E. Coli strains should be used 
whenever acanthamoeba is suspected.

5.8.1.4  Management
Patients with a contact lens-related abrasion should be given treatment similar to 
other cases of corneal abrasion but not be patched because of the risk of bacterial 
superinfection [34]. Treatment should include a fourth-generation fluoroquinolone 
like E/D moxifloxacin for 4 times/day with lubricant drops (E/D CMC 0.5% 6 
times/day) and cycloplegic for pain relief in the initial 4–5 days (E/D HA 2% QID). 
Frequent follow-ups to avoid unwanted complications is advisable. Any epithelial 
defect with infiltrate should be treated with a high index of suspicion and should be 
started on broad-spectrum antibiotics and if needed fortified drops covering both 
Gram-positive and Gram-negative organisms. Further reductions in the incidence of 
CLMK (contact lens microbial keratitis) will depend on improvements in the com-
position of lenses, their surface coatings, their solutions and cases, wearing sched-
ules and the education of contact lens wearers.
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In cases of CLPU, as the aetiology is inflammatory, treatment is with topical 
steroid drops (E/D prednisolone acetate 4–6 times/day and tapered) given with 
proper antibiotic coverage [35].

5.8.2  Neurotrophic Keratitis

A neurotrophic ulcer usually manifests as a well-defined rolled out margin and com-
monly seen in patients with a history of varicella zoster virus or HSV infection, 
diabetic neuropathy or in chronic contact lens wearers. Dua et al. [36] defined neu-
rotrophic keratitis as “a disease related to alterations in corneal nerves, leading to 
impairment in sensory and trophic function with consequent breakdown of the cor-
neal epithelium, affecting the health and integrity of the tear film, epithelium and 
stroma resulting in a decrease or even absence of corneal sensation.”

5.8.2.1  Aetiology
The pathology mainly involves disorders wherein the nerve supply of the cornea is 
affected such as central nervous system disorders (postsurgical procedures for 
acoustic neuromas for trigeminal neuralgia, surgical injury to trigeminal nerve), 
systemic conditions (diabetes, vitamin A deficiency, amyloidosis, multiple sclero-
sis), genetic disorders (various genetic syndromes as Riley Day syndrome, 
Goldenhar syndrome, Moebius syndrome) and certain ocular diseases (ocular sur-
face infections especially herpes simplex keratitis and chronic inflammation, post- 
ocular surgery, contact lenses and corneal dystrophies).

5.8.2.2  Clinical Features
The major manifestation includes inflammation and corneal epithelial keratitis, 
which can evolve into vision-threatening non-healing epithelial defect (Fig. 5.9) and 
stromal ulceration which may go on to frank perforation.

Fig. 5.9 Slit lamp 
photograph of a patient 
showing a central 
neurotrophic ulcer with 
well-delineated margins, as 
seen on fluorescein 
staining under cobalt blue 
filter
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5.8.2.3  Management
Treatment includes withdrawing all toxic medications, application of a bandage 
contact lens, copious use of preservative-free lubricants and surgical management in 
the form of tarsorrhaphy, amniotic membrane transplantation or if needed kerato-
plasty. Novel promising approaches include topical nerve growth factor (ceneg-
ermin 0.002% solution) and surgical corneal neurotization [37].

5.8.3  Exposure Keratopathy

In this disease process, damage to the cornea occurs primarily from prolonged 
exposure of the ocular surface to the outside environment. The exposure results in 
drying up of the tear film with resultant keratitis, ulceration and even can lead to 
perforation and scarring leading to permanent vision loss.

5.8.3.1  Aetiology
Patients with seventh cranial nerve palsy and lagophthalmos or Parkinson’s disease 
with infrequent blinking are usually affected. Comatose patients in Intensive Care 
Units on mechanical ventilation with incomplete eye closure are another group. 
Rarely, a patient can present following an epi bulbar block with a sudden bleed 
behind the eye which results in proptosis and inability to close the eyes. In certain 
situations, following trauma or thermochemical injury, loss of eyelid tissue can 
occur with resultant exposure of the inferior cornea. Other causes of exposure to 
keratopathy include thyroid eye disease and other causes of proptosis.

5.8.3.2  Clinical Features
Patients usually present with acute symptoms of foreign body sensation, watering, 
pain and photophobia due to exposure to keratitis. Dryness of the ocular surface 
with subsequent decompensation, ulceration and perforation can complicate the 
situation in many cases [38].

Resultant corneal opacity can lead to long-term ocular disability.

5.8.3.3  Management
Whatever is the aetiology, as uniform distribution of tears is necessary for maintain-
ing a healthy ocular surface, the mainstay of management is the frequent instillation 
of tear substitutes. Another important strategy is to patch or cover the eye after 
applying lubricant gel as a temporary measure to avoid exposure. A temporary 
suture like frost suture or temporary/ permanent tarsorrhaphy might be needed in 
extreme situations to protect the globe. If there is a retrobulbar bleed with proptosis 
and inability to close eyes, performing a canthotomy to relieve pressure in itself will 
suffice [39].
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5.8.4  Ruptured Corneal Bulla

Another situation wherein a patient can present to the emergency department with 
acute onset pain, watering and intolerance to light is a case of ruptured bullae.

5.8.4.1  Aetiology
The aetiology for bullae formation can vary, for example, a patient on treatment for 
pseudophakic or aphakic bullous keratopathy can have an acute presentation when 
bulla ruptures and give rise to intolerable symptoms. Similarly, a patient with local-
ised thermal or firecracker injury who was relatively asymptomatic may present 
acutely following rupture of an associated epithelial bullae (Fig. 5.10) in the area 
involved. Patients with acute chronic glaucoma, viral keratitis and endothelial dys-
trophy may present to the emergency with such features.

5.8.4.2  Clinical Features
The symptoms include mild to severe diminution of vision, pain, excessive water-
ing, foreign body sensation and increased sensitivity to light. The pain is typically 
due to the exposure of subepithelial plexus whenever a bullae rupture.

Signs can vary depending on the severity. The common findings are stromal and 
epithelial oedema with bullae formation, margins of the ruptured bullae with defect 
taking up stain on examination after fluorescein staining. In some cases, scarring 
and opacity of resolved bullous keratopathy may be seen.

5.8.4.3  Management
The diagnosis is usually made from detailed history and clinical examination. The 
first-line treatment in an emergency situation should be to relieve the patient from 

Fig. 5.10 Slit lamp 
photograph of a patient 
with bullous keratopathy, 
demonstrating diffuse 
corneal edema and 
multiple bullae. The bulla 
(yellow arrow) may rupture 
and cause acute onset of 
pain and redness
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pain. Application of a soft bandage contact lens is a useful method to reduce the 
pain, the patient should be started on antibiotics and IOP lowering medications. 
Hypertonic saline drops to reduce the stromal oedema can be started as the epithe-
lial defect heals. The patient should be further planned for a posterior lamellar or 
full thickness keratoplasty and interim procedures like bowman’s membrane cau-
tery and anterior stromal puncturing to prevent epithelial bullae formation can be 
helpful.

5.9  Conclusion

Most of these minor corneal emergency cases present to the general emergency 
department and can be very well managed by the first contact physician majority of 
the time without causing any immediate or long-term consequences. A basic knowl-
edge about these situations and their appropriate management is thus crucial for any 
physician. Appropriate identification of cases that require ophthalmology specialist 
opinion and unwanted delay in referring should always be kept in mind. Most of 
these conditions start responding in 2–3 days of starting treatment and if unrespon-
sive should raise suspicion of a wrong diagnosis and should be referred to a higher 
centre for better timely care.

Key Points

• Corneal abrasions and foreign bodies constitute a frequent presentation to the 
ophthalmic emergency department.

• Minor corneal emergencies can be effectively managed medically with broad- 
spectrum antibiotics and lubricant drops.

• Removal of foreign bodies from the corneal surface should be done with extreme 
caution and under aseptic precautions.

• A proper history coupled with a detailed slit lamp examination can help make the 
correct diagnosis in cases of recurrent corneal erosions and photokeratitis.

• Any corneal infection should be identified at the earliest and should be referred 
to a specialist for proper management.

• Neurotrophic keratitis and exposure to keratopathy require careful ophthalmic 
and systemic evaluation to elicit the primary cause.

• Any delay in treatment of minor corneal emergencies is associated with poor 
outcomes.
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6Corneal Laceration and Penetrating 
Injuries

Bharat Patil, M. Vanathi, and Nimmy Raj

Cornea contributes to one sixth of total ocular wall and two thirds of total optical 
power of eye. Corneal trauma is one of the major reasons for visual disability. If left 
untreated, may result in permanent blindness. In spite of this, ocular trauma does 
not get sufficient weightage in National blindness control programme, due to larger 
share of bilaterally blinding disorders.

6.1  Epidemiology

With most of the epidemiological studies emphasising on ocular trauma in a broader 
aspect there is limited epidemiological data on corneal laceration, and hence the 
exact magnitude of problem is not known. Bever Dam Eye study reported that a 
20% of population suffers from an ocular trauma in their lifetime [1]. About 5–16% 
of all admissions in eye hospitals are related to trauma and up to 3% of all visits to 
emergency department are due to eye trauma [2, 3]. The Baltimore eye survey 
reported a 14.4% cumulative prevalence of eye injury in the general population [4].

As per data published by World Health Organization (WHO) in 1998, 16 lakh 
people were blind in both eyes and 19 million people were uniocularly blind due to 
ocular trauma, and 55 million people had restrict ed activities for more than 1 day a 
year due to ocular injuries [5]. Andhra Pradesh eye study reported prevalence of 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5876-1_6&domain=pdf
https://doi.org/10.1007/978-981-16-5876-1_6#DOI


108

7.5% in rural population and 3.9% in urban population [6]. The Aravind 
Comprehensive Eye Survey reported a prevalence of 4% ocular trauma in rural pop-
ulation [7].

The incidence, prevalence and mode of penetrating ocular injury vary according 
to many factors like age, sex and socioeconomic background. Mechanical trauma is 
the most common cause for lacerations and penetrating injuries to the cornea. Blunt 
trauma can also result in globe rupture resulting in tears involving the corneal tissue.

6.1.1  Age and Sex

Ocular trauma has tri modal age of presentation. Age group of less than 15 years, 
age 20–44 years and more than 65 years are more susceptible. Mode of injury is 
different in different age groups. Due to occupational risk factors and more time 
spent outdoor males have double the risk of eye trauma as compared to females. The 
manual labourers, farmers are at high risk of ocular trauma due to occupational risk 
factor. The usual modes of ocular injury in adult population are assault by fist, road 
traffic accidents, wooden stick, or trauma by branch of tree while working in field.

Worldwide almost 6 million children (less than 15 years) have ocular trauma epi-
sodes in a year. The UK Paediatric Trauma Study 2 (POTS2) reported median age of 
presentation as 7.7 years [8], with boys more than twice as likely to be affected as 
girls. Since children spend most of their time at home, they have equal or more risk 
of eye trauma at home than outside, with 25% ocular injuries occurring at school or 
nursery. Victims may be bystanders. Sharp objects like pen, pencil, toys, etc., or blunt 
objects like corners of household furniture, ball, gili, wooden stick, etc., are usual 
cause of eye trauma in children. In Indian scenario, ‘Bow and arrow’ and firecracker 
injury are responsible for considerable percentage of eye trauma in children.

A third spike of age occurs at more than 65 years, due to tendency to fall and 
slowed reflexes. Risk of eye getting injured increases as the age increases. A 
50-year-old has 3.6 times more risk of eye trauma than that in 15-year-old [9].

6.1.2  Socioeconomic Background

Socioeconomic background also seems to influence the incidence and mode of eye 
trauma, with the lower socioeconomic group being at higher risk. Literates have 
lesser risk of ocular trauma [7]. Injury related to recreational sports like badminton, 
paint ball gun, etc., is seen in higher socioeconomic class. Rural and industrial pop-
ulation has high risk of ocular trauma due to occupational risk factors. In rural India, 
ocular trauma incidence correlates with the agricultural activity, more cases reported 
during crop harvest season and rainy season, most common mode of injury is trauma 
by thorn or by branch of tree. Eye trauma is an occupational hazard for industrial 
workers, construction site workers and chemical factory workers. More than half of 
the accidents involving eye takes place at workplace. Workers at rubber industry, 
metal industry, refineries, pipe industries, etc., are at high risk. Projectile injury 
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while working with chisel hammer is an important cause in manual labourers. Eye 
injuries accounts for almost 15% of battlefield injuries worldwide and these injuries 
usually result in severe visual impairment [10].

Studies have shown that, up to 90% of all ocular injuries are preventable or 
avoidable by using proper safety eyewear and health education of supervising adults 
[11–13].

6.2  Betts Classification and Nomenclature

The Birmingham Eye Trauma Terminology System (BETTS) [14] ocular trauma clas-
sification system was devised in order to create uniformity, avoid confusion and to 
promote research (Table 6.1). It mainly classifies ocular trauma either as open globe 
injury or closed globe injury, depending upon loss of integrity of eye wall. Loss of 
anatomical continuity of eye wall after trauma is termed as open globe injury (Figs. 6.1 
and 6.2). When ocular wall is intact after trauma it is called as close globe injury. For 
all practical purposes, cornea and sclera are considered as ocular wall or coat. Closed 
globe injury is further classified into either contusion or lamellar laceration.

Corneal laceration is either full-thickness or partial-thickness injury of cornea 
which can be due to either direct ocular trauma or by an indirect impact [15]. A 
direct impact can be cuased by a sharp object like knife, pen or pencil, etc., resulting 
in either partial/fullthickness laceration or simple abrasion. An indirect impact is 
caused by eye trauma by blunt object like cricket ball, fist, etc., resulting in inside 
out trauma to the cornea resulting in full-thickness corneal laceration. In this sce-
nario, it is called globe rupture.

The term penetrating injury is used when only entry wound is present and when 
both entry and exit wound are seen it called as perforating injury.

The classification system further divides the open globe injury into three zones 
(Fig. 6.3).

• Zone I—limited to cornea.
• Zone II—trauma involving limbus and anterior sclera up to 5  mm posterior 

to limbus.
• Zone III—trauma involving sclera more than 5 mm posterior to limbus.

Table 6.1 Assessment of open globe injuries as per BETTS recommendation

Type
(nature of 
injury)

Grade
Severity: functional
(visual acuity)

Examination
(pupillary reaction)

Anatomical
(zones)

Rupture >20/40 Positive: RAPD+ in 
affected eye
Negative: No RAPD 
in affected eye

I: isolated to cornea inclusive of 
corneo-scleral  limbus
II: corneo-scleral limbus to a 
point 5mm into sclera
III: posterior to the anterior 
5 mm of sclera

Perforation <20/40–20/100
Penetration <20/100–5/200
IOFB <5/200–PL
Mixed No PL
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Thus, while documenting the diagnosis of any ocular trauma case, all the above 
points should be noted, for example, if patient has a full-thickness corneal laceration 
caused by direct impact of sharp object with only entry wound visible and extent 
limiting only to the cornea—according to BETTS classification, it should entered 
into the case record sheet as Open globe Penetrating injury, Zone I Corneal 
Laceration, preferably aided with a diagrammatic representation or photographic 
documentation.

Fig. 6.1 Clinical picture 
of an open globe injury 
showing corneo-scleral 
tear with iris prolapse with 
turbid aqueous and 
hyphema

Fig. 6.2 Clinical picture 
of an open globe injury 
showing cornea tear with 
iris incarceration in the 
wound with corneal edema 
shallow irregular anterior 
chamber and cataract
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The ocular trauma score (OTS) was proposed by Kuhn et al. [16] in the early 
2000s to provide a simple set of variables which can predict the final visual outcome 
in an injured eye. This scoring system helps an ophthalmologist in counselling, tri-
age, management and research purposes. The raw score sum which is equal to the 
sum of raw points is taken to categorise the cases into OTS 1–5 with higher score 
indicating better visual prognosis (Table 6.2).

As eye trauma in children differs from adults in many ways and as the examina-
tion of kids cannot always be relied upon, a similar but slightly different scoring 
system was proposed by Acar et al. [17] for the paediatric population (paediatric 
ocular trauma score, POTS), with points assigned for variables considered. The 
variables that were considered included presenting visual acuity [no light percep-
tion (10 points) light perception/hand movements (20 points), counting fingers (30 
points), 20/2000–20/40 (40 points) and 20/33–20/20 (50 points)]; age of the child 
[0–5 years (10 points), 6–10 years (15 points) and 11–15 years (25 points)]; location 
of the injury [zone 1 (25 points), zone II (15 points) and zone III (10 points)], along 
with the presence of co-morbidities [iris prolapse, hyphema, endophthalmitis, 
organic/unclean injury, delay of surgery for >48 h (–5 points each), traumatic cata-
ract (–10 points), vitreous haemorrhage (–20 points), retinal detachment (–20 
points) and endophthalmitis (–30 points)]. The POTS gave lesser points for initial 
visual acuity considering the limitations in obtaining accurate visual acuity mea-
surements from children. The patients were divided into 5 prognostic groups [group 
1 (<45), group 2 (46–64), group 3 (65–79), group 4 (80–89) and group 5 (90–100)] 
based on the total score obtained with a higher trauma evaluation scores were con-
sidered indicative of a better prognosis. The formulae 2  ×  (age  +  zone)—corre-
sponding pathologies were used to determine trauma score in children in whom 
initial visual acuity could not be obtained [17]. Studies have shown that paediatric 
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Fig. 6.3 Zones according to BETTS classification system

6 Corneal Laceration and Penetrating Injuries



112

ocular trauma score (POTS) is more sensitive and specific than ocular trauma score 
in predicting outcomes in children [18].

6.3  History Taking and Clinical Presentation

Mechanism of injury, extent of initial damage and initial visual acuity are the most 
important factors in predicting visual outcome [19]. Hence evaluation of eye trauma 
case revolves around these three factors. These factors need to be well documented 
in history taking at the time of presentation (Table 6.3). The time duration of presen-
tation from the period of injury is also to be noted.

Corneal laceration usually presents as an acute ocular condition with history of 
sudden diminution of vision. When there is only minimal or local involvement, the 
vision loss is also not profound. A neglected case can present late with pain and 
profound vision loss, which can get complicated with infection leading to corneal 
ulcer, endophthalmitis or panophthalmitis.

All cases of ocular trauma are of medico legal importance, especially in scenar-
ios of road traffic accidents, assaults and workplace related trauma. Hence a detailed 
and careful history taking and its meticulous documentation is extremely important 
in every trauma case. During every ophthalmic visit/round, the date and time of 
patient’s presentation and of clinical examination must be documented in every case 
of ocular trauma. Informant should always be documented in all cases. A sympa-
thetic and compassionate approach to patient is to be adopted while examining and 
counselling the patient. Obtaining an exact history from post trauma patient is a 
challenge and more difficult than from non-injured patient. Children may try to hide 

Table 6.2 Ocular trauma score (OTS)—variables and method of calculation

Step 1: take raw points based on visual acuity Visual acuity Raw points
NPL 60
LP to HM 70
1/200–19/200 80
20/200–20/50 90
>20/40 100

Step 2: take raw points based on other 
associated injuries

Ocular injuries Raw points
Globe rupture –23
Endophthalmitis –17
Perforating injury –14
Retinal detachment –11
Afferent pupillary defect –10

Step 3: obtain the raw score by adding the 
points from steps 1 and 2
An OTS is decided based on the raw score

Raw score OTS
0–44 1
45–65 2
66–80 3
81–91 4
92–100 5
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history due to fear of punishment. History may be fabricated by a victim of assault 
or by workplace related trauma patient for secondary gains. Hence the clinical find-
ings must always be corroborated with history.

Before proceeding to ophthalmic history and examination, life threatening inju-
ries and non-ophthalmic emergencies threatening life must be ruled out. Orientation 
of patient to time place and person is to be confirmed. Examiner should try to elicit 
a detailed history and complete description of presenting complaint. As stated ear-
lier presenting symptoms is typically an acute painful red eye which may or may not 
be associated with vision loss. Examiner should ask detailed questions to confirm 
about when, where and how exactly the eye trauma has occurred. Knowing duration 
is important both for planning treatment and to prognosticate the case. Fresh 
wounds, if repaired timely will have good prognosis. A risk of wound getting 
infected increases as the duration increases. Knowing exactly how trauma has 
occurred and how things have evolved further will help in management and prog-
nosticating the case. A history regarding mode of injury and what exactly caused the 
trauma should be elicited. History about use of protective eyewear should be asked 
and the same should be examined for any physical damage. Eye witnesses/family 
members should also be encouraged to provide details. The most probable agent 
causing trauma should be traced, for planning the treatment and for prognostication. 
For example, prognosis and management of a vegetative matter trauma is different 
from ‘chisel hammer’ mechanism trauma. History should be asked about any treat-
ment received for eye trauma elsewhere. Past treatment for eye trauma, self- 
treatment by irritants, antibiotics should be asked. In some part of India, there is a 
custom of instilling clarified butter, rose water in eye, which may further complicate 
situation causing secondary infection in wound. A brief history about past medical 
and surgical history of any pre-existing ophthalmic conditions will help in risk 
assessment. For example, an operated LASIK patient may present with flap 

Table 6.3 Key points in history and examination

Key points in history Key points in examination
Rule out life threatening injuries Projection of rays
Ensure patient is oriented in time, place and 
person

RAPD and Reverse RAPD

Note down informant, witness and exact time of 
examination

Rule out canalicular injuries

In cases of associated head injury—ask for h/o 
loss of consciousness, bleed from mouth, nose/ear

Copious wash before proceeding for any 
examination in case of chemical injury.

Elicit exact mode of injury Siedel’s Test
General history for anaesthesia fitness Classify wound according to BETTS 

classification system
Immunisation history of tetanus
In case of animal bite enquire for rabies 
vaccination of the animal and r/o rabid animal

Look for subtle signs for infection

H/o previous ocular treatment EUA for uncooperative child
Avoid performing forced examination

Ensure Nil Oral
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displacement even after trivial eye trauma, an operated corneal transplant patient 
may present with graft dehiscence. Implants (intra ocular lens, glaucoma drainage 
devices) or explants (buckle, band) may get displaced or dislocated and will compli-
cate the situation further.

History regarding systemic conditions should be elicited. Besides diabetes mel-
litus, hypertension and history of cardiovascular accidents a general history to be 
targeted to rule out conditions which if present may complicate the general anaes-
thesia. Rule out any bleeding tendency or use of anticoagulant and any drug allergy. 
History of loss of consciousness, epistaxis, head injury, seizures, etc., should also be 
looked for and if neurology/neurosurgery, ENT consultation needs to be obtained.

If trauma is secondary to animal bite, attempt must be made to find out whether 
the animal was rabid or not. Vaccination status of animal if known must be 
documented.

Fasting status of patient is assessed, and is advisable to inform his/her attendant 
to ensure that patient is to be placed on nil oral in order to enable an early general 
anaesthesia administration for surgical repair.

If patient’s eye is patched, patch is removed gently under aseptic precautions. 
Patient is encouraged to open his/her eyes, avoid any forceful eye opening. Best 
corrected vision with proper documentation of projection of rays must be done. A 
thorough clinical examination should be carried out. Range of ocular movements, 
adnexal trauma, RAPD and reverse RAPD if any, should be documented on torch 
light. Eye lid and punctal-canalicular trauma needs oculo-plasty consultation. 
Aqueous humour leak from anterior chamber is looked for using fluorescein dye 
under cobalt blue filter on slit lamp (Seidel’s test). If leak is present, Seidel’s test is 
documented as positive. In cases of self-sealed corneal laceration, spontaneous 
Seidel’s test may be negative but leak may be documented on slight pressure on 
globe (provocative Seidel’s test). Extent of corneal wound is noted and is classified 
according to BETTS system. Condition of iris, depth and contents of anterior cham-
ber (hyphema/hypopyon), lens changes, rupture of anterior capsule, associated 
zonulopathy if any should be noted. Fornices should be examined thoroughly for 
presence of foreign body. Meticulous examination of corneal stroma or anterior 
chamber for foreign body by slit lamp biomicroscopy in cases when possible should 
be done. Foreign body if freely lying in fornix can be removed in OPD but that 
impaled in ocular wall or in anterior chamber should better be removed in operation 
theatre. Signs of infection like corneal infiltrates, exudates in anterior chamber may 
be seen in cases of eye trauma of longer duration or trauma by vegetative matter. 
Posterior segment examination is not always possible due to associated hyphema or 
vitreous haemorrhage and poor visibility. If the perforation is small and media is 
clear, fundus examination should be done and documented. A gentle preoperative 
USG might be useful in prognosticating the case in those with poor glow.

Detailed examination may not be possible in children due to poor cooperation. 
Hence child’s further ocular examination is completed during examination under 
anaesthesia.

Fellow non-traumatic eye of a patient should be examined thoroughly at the time 
of presentation and especially on follow-up for visual acuity for near and anterior 
chamber cells, which can be the earliest signs of sympathetic ophthalmia. It is usually 
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seen to occur after a latent period which can vary from as early as 5 days to as long as 
50 years. About 70–80% of sympathetic ophthalmia cases occur within 3 months of 
injury, and 90% occur within 1 year. Others signs to look for are circumciliary conges-
tion, mutton fat keratic precipitates, vitritis or/and exudative retinal detachment.

After assessing the trauma, eye is patched gently. Patient is asked not to press or 
rub eye. Patient is instructed to avoid straining and blowing nose. A booster dose of 
0.5 ml tetanus toxoid is given intramuscularly, if history for vaccination for tetanus 
is not available or more than 10 years has passed from last injection. Inj. diclofenac 
75 mg/1 ml IM can be given for relieving pain. Routine haemoglobin, complete 
blood counts and any other relevant blood investigation are to be done. Patient is 
kept fasting in view of general anaesthesia fitness.

6.4  Ocular Investigations

6.4.1  Ultrasonography

In presence of opaque media, ultrasound helps the clinician not only to complete the 
ocular examination but also to prognosticate and plan the treatment. A-scan is a one- 
dimensional scan, while B-scan enables two-dimensional cross-sectional imaging. 
Both scans when used together give maximum information. A gross idea about pos-
terior segment of eye can be obtained. Retinal detachment, vitreous haemorrhage, 
foreign body in the vitreous cavity may be detected by ultrasonic examination. If 
lens is not visible, status of anterior and posterior capsule, cataractous changes can 
also be detected on B-scan. It must be performed carefully in eyes with open globe 
injury due to potential risk of infection, damage and extrusion of ocular tissues.

B-scan is useful when a foreign body cannot be visualised with a computed 
tomography scan, e.g. glass, wood or plastic. It is sensitive in detecting foreign bod-
ies with concurrent vitreous haemorrhage and retinal detachment. However, an 
intra-lenticular foreign body, foreign body lodged in angle and small sized foreign 
bodies can be missed on USG.

6.4.2  X-Ray

Low radiation exposure, easy availability even in rural areas and low cost are advan-
tages while low resolution is disadvantage. Metallic foreign body, fracture of orbital 
wall can be detected on X-ray. Both antero-posterior and lateral views are helpful. 
It has sensitivity of 64–78% for orbital fracture [20]. Hence small orbital fractures 
can be missed on X-ray. Radiograph is not suitable for detecting soft tissue damage.

6.4.3  CT Scan

CT scan is the imaging modality of choice in open globe injury, orbital trauma and 
for detecting intraocular foreign bodies specially metallic objects. Lens status and 
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anterior chamber evaluation can also be done on CT scan. CT images can readily 
show lens position and traumatic displacement/subluxation if any can be easily 
documented.

CT scan is 71–75% sensitive for detection of occult globe rupture [21]. Signs of 
globe rupture on CT scan are loss of volume of globe, the ‘flat tire sign’, unusually 
deep anterior chamber, scleral discontinuity, intraocular air, etc. Retinal and choroi-
dal detachment, vitreous haemorrhage can also be documented on CT scan. CT scan 
also provides information about the optic nerve status, optic canal fracture, any 
bony fragment/foreign body pressing over optic nerve, optic nerve avulsion, etc., if 
present can also be detected by CT scan.

These investigations not only help in planning the treatment but are also of med-
ico legal importance. MRI is contraindicated in ocular trauma due to potential fear 
of ferromagnetic foreign body.

6.4.4  Special Attention to Be Given to Following Points While 
Reading Radiograph/CT Scan

• Bony orbit continuity
• Status of Sinuses—look for herniated orbital contents if any
• Orbital apex—a tiny fracture may be an indication of emergency—look for frag-

ment compressing optic nerve
• Evaluate anterior chamber—increased attenuation is s/o hyphema. Shallow 

chamber may have anteriorly subluxated lens.
• Evaluate position of lens.
• Evaluate posterior chamber for vitreous haemorrhage, choroidal detach-

ment and RD
• Look for retained foreign body. Remember wooden foreign body may mimic air.

6.5  Treatment

6.5.1  Corneal Abrasion

Any surgical intervention needed is best done as early as possible. Majority of cor-
neal abrasions heal spontaneously and treatment is targeted to prevent infection and 
control pain. Abrasions less than 2 mm usually heal within 24 h.

Indication for Surgical Intervention
The indications for surgical repair include:

• Large corneal laceration
• Complicated corneal laceration
• A positive Seidel’s test
• Retained intraocular (potentially reactive) foreign body
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6.5.2  Corneal Laceration Management

6.5.2.1  General Principles
Surgery is usually needed for full-thickness laceration. The primary goal of surgery 
is to restore the anatomical integrity of eye ball and not the visual gain. Secondary 
goal is to remove foreign body, manage damaged lens, disrupted vitreous and uveal 
tissue incarceration/prolapse from the wound.

Patient and his/her attendant should be well informed about the plan of manage-
ment. A proper, written informed consent must be obtained. For patients less than 
18 years of age or poorly oriented unconscious patients, consent is obtained from 
guardians. A signature of witness must always be taken in all cases of ocular trauma.

6.5.2.2  Simple Corneal Laceration
Full-thickness corneal laceration limited between limbus, without traumatic lens 
damage and without incarceration of uveal tissue or vitreous or lens in wound is 
called as simple full-thickness corneal laceration. Management of simple full- 
thickness laceration varies with the size of laceration, lacerations less than 2 mm 
and can be managed conservatively while those with more than 2 mm need surgical 
intervention.

Partial lamellar lacerations which are simple and small without extensive tissue 
disruption can be managed with topical antibiotic and lubricants along with ban-
dage contact lens/pad and bandage if required. It is imperative to take care to exam-
ine the interface thoroughly and during follow-ups to rule out the presence of 
infection in these cases. Those associated with tissue lift may require suture place-
ment. Majority of simple corneal lacerations tend to heal spontaneously. Goal of 
therapy is to prevent secondary infection and pain relief. Corneal lacerations are 
painful due to exposure of nerve endings. In larger corneal lacerations, in order to 
facilitate healing, and prevent discomfort due to blinking, eye may be patched for 
24 h after topical antibiotic instillation. A preservative free ointment preparation 
maybe preferred. Cycloplegics (2% homatropine/0.75% cyclopentolate) are also 
instilled to relieve cycloplegia and pain. Patching is contraindicated in vegetative 
matter trauma and trauma associated with contact lens use. Topical anaesthetics 
prescription for pain relief is not advisable. On follow-up visit, edges and bed of 
wound need to be examined for infiltrates. Corneal scraping may be performed if 
required to identify the infecting microorganisms in order to initiate appropriate 
therapy. Topical antibiotics in eye drop with broad spectrum coverage (0.5% moxi-
floxacin) and lubricants (0.5% CMC/1% HPMC) are continued till complete heal-
ing of wound.

Simple corneal lacerations heal without leaving corneal scar within 7 days and 
has good prognosis if not complicated by secondary infection. Patient is advised to 
avoid eye rubbing and washing eyes with tap water. Dark glasses and cycloplegics 
can be continued to avoid discomfort. Glare and astigmatism can be a problem with 
larger laceration scars on healing.
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Bandage Contact Lens A soft bandage contact lens (BCL) is an effective alterna-
tive of patching for abrasions larger than 2 mm. Bandage contact lens prevents rub-
bing of lid over epithelial edges, decreases pain and also promotes binocularity. 
Patient is to be reviewed in 24 h after placement of BCL. Prophylactic topical anti-
biotics and preservative free lubricants are to be given. Patient is instructed to visit 
immediately if he/she reports either displacement of lens/pain/photophobia with 
lens and not to replace lens at home if it is dislodged from eye. Patient is examined 
after 7 days. On follow-up, status of cornea is examined though BCL specifically 
for epithelisation status and infiltrates. Examination iperformed after BCL removal 
enables a detailed evaluation. Epithelium is stained with fluorescein and examined 
for epithelisation, base and edges are examined for signs of secondary infection 
(fluorescein is not to be used with BCL in situ as it stains the BCL). Most cases heal 
within 7 days and reapplication of BCL may not be required. BCL is contraindi-
cated in cases of abrasion associated with—contact lens use/vegetative eye trauma 
and in the presence of frank infection.

6.5.2.3  Simple Full-Thickness Laceration Less Than 2 mm
Self-sealing simple laceration less than 2 mm, with negative Seidel’s test, with 
well opposed and bevelled edges and formed anterior chamber can be managed 
conservatively. A soft bandage contact lens (BCL) application and topical medi-
cations are sufficient in such cases. Topical antibiotics (0.5% moxifloxacin) QID 
and cycloplegics (homatropine 2%) QID and lubricant (Carboxy Methyl 
Cellulose 0.5%) QID are sufficient. Topical steroids (prednisolone acetate 1%) 
QID is added only in cases not associated with vegetative matter trauma. In cases 
with vegetative matter trauma, topical steroid is added after a week, after docu-
menting no evidence of secondary infection. Patient is closely followed up with 
first visit after 24 hours and subsequently, weekly for first month. When wound 
margins are displaced or not bevelled, a soft bandage contact lens with tissue 
adhesive is applied.

Tissue Adhesives Two tissue adhesives are available for laceration repair, 
Cyanoacrylate and fibrin glue.

Cyanoacrylate glue is synthetic while fibrin glue is of animal origin. For coop-
erative patients BCL with glue application can be done under topical anaesthesia. 
For non-cooperative patients, it may be done under general anaesthesia (peribul-
bar/retrobulbar is contraindicated due to risk of prolapse of ocular structures 
through an open wound, secondary to rise in intra-orbital pressure). Eye is cleaned 
and draped under aseptic precautions. Anterior chamber is formed either with air/
viscoelastic after making a clear corneal stab incision. Area of interest is dried 
before applying glue. A drop of cyanoacrylate glue is applied over laceration area 
with the help of 26-gauge needle or cannula (Fig. 6.4). Care is taken to avoid spill-
age of glue over normal corneal tissue and conjunctiva. If spillage occurs, extra 
glue is removed by scraping. Glue gets polymerised in 3–5 min, after which BCL 
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is applied. Do not apply BCL before period of polymerisation, as lens will stick 
to glue, not allowing movement to enable proper positioning of the BCL over the 
cornea. It will be prudent to avoid applying glue repeatedly over an area of inter-
est, as after polymerisation glue will form a hump, disallowing optimal BCL fit-
ting and predispose to discomfort and lens dislodgement. Retained viscoelastic is 
removed. Stab incision is hydrated. Glue usually sheds off after re-epithelisation 
occurs, and if not, it can be scraped off after 4–6 weeks. Cyanoacrylate glue is a 
double-edged sword, it helps in sealing the wound, it is bacteriostatic for Gram 
positive bacteria but as it also prevents penetration of medication to the deeper 
layers of cornea, vigilance is maintained. Topical medications and follow-up 
schedule are similar to that of self- sealed full-thickness laceration. Only glue, 
without a BCL must never be applied as its surface is extremely rough and will 
cause constant irritation and severe discomfort to the patient. Common complica-
tions of cyanoacrylate glue application are giant papillary conjunctivitis, exces-
sive deep stromal corneal vascularisation. Inadvertent leakage of glue into the 
anterior chamber can cause severe iritis, iridocorneal synechia, posterior syn-
echia, and endothelial damage.

Another tissue adhesive option is fibrin glue. Fibrin glue is FDA approved for 
haemostasis and is widely used in ophthalmology in suture less pterygium surgery, 
amniotic membrane grafting, etc. Commercially it comes in four components in 
four different colours coded vials (Fig. 6.5). Fibrin glue needs to be constituted just 
before application.

The four components are:

 1. Sealer protein
 2. Concentrate
 3. Fibrinolysis inhibitor solution
 4. Thrombin

Dry wound with
arrow sponge

Drop of glue over
dried wound

1 cc
syringe

TECHNIQUE 1

EYE EYE

Fig. 6.4 Application of cyanoacrylate glue in corneal laceration
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First two components are heated and mixed to form the sealer protein solution, 
and the third and fourth components are heated and mixed to form thrombin solu-
tion. The heating is done in special machine called the fibrinotherm at 37 °C. The 
whole process takes 20 min and the two components, i.e. sealer protein solution and 
thrombin solution are aspirated in two syringes and mounted on to the duploject 
assemble. On injecting through the duploject assemble, when these two solutions 
are combined fibrin glue will set in 30 s. BCL is applied over it after few minutes 
after confirming that there is no wound leak.

Application of cyanoacrylate glue with BCL in laceration less than 3 mm was 
noted to have faster healing in comparison to application of fibrin glue with BCL 
with lesser corneal vascularization [22]. Overall rate of healing is however similar 
with both types of glues application [22]. Cyanoacrylate is a cheaper and easily 
available option without the requirement of special equipment for reconstitution 
which makes it preferred choice for most of the ophthalmic surgeon, especially in 
ocular emergency scenarios.

6.5.2.4  Simple Full-Thickness Laceration More Than 2 mm
Simple full-thickness laceration greater than 2 mm in length constitutes an open 
globe injury and must always be repaired under general anaesthesia (GA) unless 
contraindicated. Facial block is an effective alternative when GA is contraindicated. 
Surgical field is cleaned and draped under aseptic precaution. Wire speculum is 
used to open eyelids. When laceration is associated with eye lid trauma a retraction 
suture with 4-0 silk retraction suture may be used. A clear corneal stab incision is 
given at 90° away from area of corneal laceration, or at the most comfortable loca-
tion for surgeon with the help of 15° blade or Micro-Vitreoretinal (MVR) blade. 
While making a stab incision, undue pressure on globe is avoided by lifting limbus 
with Lim’s forceps by other hand. Surgeon must keep blade parallel to underlying 
iris tissue, to avoid damage to iris or lens. Anterior chamber is formed with visco-
elastic (2% HPMC). If anterior chamber is extremely shallow and corneal stab entry 

Fig. 6.5 Components of fibrin glue
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is not possible, viscoelastic can be flush injected through wound, taking care not to 
touch the edges by cannula. But once side port incision is made, it is advisable not 
to use the wound entry for injection of substances into the anterior chamber, as it 
may damage the edges of wound, which will further complicate the suturing and 
results. 10-0 nylon monofilament suture on fine spatulated microsurgical needle is 
material of choice for corneal laceration suturing. Basic principles of corneal lacera-
tion suturing are covered later in the chapter. After complete suturing, all knots are 
buried away from visual axis. Viscoelastic is removed. Stab incision is hydrated. In 
children less than 6 years of age, it is recommended to suture all incisions. A sub-
conjunctival injection (gentamycin 0.5  ml with dexamethasone 0.5  ml) is given. 
Dexamethasone is not given in cases of suspected vegetative matter trauma or pres-
ence of infection. Subconjunctival injection of atropine sulphate (0.6 mg/ml) can be 
given if not contraindicated. It relieves pain and ciliary spasm, reduces postopera-
tive inflammation. Eye is patched at the end of the surgery. In children, application 
of Cartella shield is also preferred. Patch is removed after 24 h during the postopera-
tive evaluation.

6.6  Basic Principles of Corneal Laceration Suturing

6.6.1  Preferred Anaesthesia

General anaesthesia is the anaesthesia of choice. Absolute no to retrobulbar or per-
ibulbar block.

6.6.2  Preferred Suture Material

10-0 nylon monofilament suture on fine spatula design microsurgical needle is opti-
mal for repair of corneal tear. While repairing corneo-scleral tears, the scleral part 
of the wound is best repaired with vicryl sutures.

The components of effects of suturing include compression, torque, tissue ever-
sion, tissue inversion and splinting. Single interrupted sutures are best for corneal 
tear repair and work by the effect of the overlapping zone of compression.

Zone of Compression The zone of compression (Fig. 6.6a, b) is a square shaped 
area defined around the suture, within which, the suture exhibits a compression 
effect. The diagonal of this square is formed by suture and corneal laceration/tear 
segment.

Simple opposition of wound edges is not sufficient, as due to intraocular pressure 
and elasticity of tissue, wound may gap subsequently. To achieve a watertight clo-
sure of wound, the zone of compression of neighbouring sutures should overlap.
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6.6.3  ‘No Touch’ Technique

In this technique, suturing is done without holding the edges of the wound. As 
wound edges are never manipulated, there is minimal damage and water tight clo-
sure is possible. Globe is stabilised by holding it at area away from laceration; cor-
neal wound edges are not held with forceps. Undue pressure over globe is avoided. 
After forming anterior chamber with a viscoelastic or air, the needle tip is placed 
perpendicular to corneal surface and is rotated through the tissue following curva-
ture of a needle. To pass a needle though tissue, surgeon should rotate his/her wrist 
while keeping his/her elbow constant and steady. Tissue override is avoided by pass-
ing needle up to 80–90% depth of corneal tissue, keeping entry and exit of needle 
perpendicular to surface of cornea, opposing the internal edge of wound rather than 
the external edge and taking a suture bite equidistant from internal edge of wound 
rather than external edge. A 2-1-1 knot locking may be preferred over 3-1-1 as this 
would enable suture tension adjustment in accordance to optimal wound apposition 
during the second throw tie of the suturing. Suture knots are to be buried after 
completion of suturing. It is desirable to repair corneal tear by placing long, tight 
sutures in the corneal periphery and the subsequent shorter sutures towards the cen-
tre (Fig.  6.7) in an effort to conserving steepened central cornea (Rowsey-Hays 

Gaping as zones of
compression do not overlap
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Fig. 6.6 (a) Diagrammatic depiction of zone of compression in corneal suturing. (b) Diagrammatic 
representation depicting adequate and inadequate zone of compression in corneal tear repair 
suturing
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technique) [23]. For corneal tears involving the limbus, the first suture is placed at 
the limbus ensuring optimal apposition, with care to avoid misalignment. The 
sutures closer to the limbus are longest with the size decreasing with approach 
towards the centre. The suture spacing should be taken care of to enable optimal 
overlap of adjacent zones of compression. Longer sutures closer to the visual axis 
lead to greater tissue distortion and more astigmatism.

Scar formation and astigmatism can be minimised by burying knot away from 
visual axis. After knot is buried, the orientation of knot is reversed to facilitate sub-
sequent suture removal. Suture bite is kept smaller for laceration near the visual axis 
as compared to peripheral laceration. Interrupted sutures are preferred over continu-
ous suture technique as continuous suturing technique may induce a torque effect 
with difficulty in titrating tightening. Selective suture removal is also not possible in 
continuous suturing technique.

6.6.4  Astigmatism and Suturing

A tight suture causes localised flattening of cornea but induces steepening along its 
axis. Incision or laceration in cornea causes flattening along the axis of area of inci-
sion/laceration. Larger the incision or laceration more flattening is induced. Location 
of laceration is also important; lacerations nearer to the visual axis induce more 
flattening along its axis than lacerations away from visual axis. If laceration is cross-
ing the visual axis; to minimise induced astigmatism, it is sutured with smaller bites, 
suture is not passed through central area of visual axis and knots are buried away 
from visual axis

6.6.5  Suturing Large Wound with Stellate or Branching Pattern

In corneal tears which are stellate or branching, each branch of stellate tear/lacera-
tion is treated as individual laceration and sutured accordingly. Perpendicular rather 
than bevelled segments of wound are sutured first; irregular segments are divided 
into relatively straight segments and sutured with the usual technique. To achieve 

Fig. 6.7 Rowsey-Hay technique of corneal tear suturing
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water tight closure at the centre a purse-string suture(Fig. 6.8), bridge suture may be 
used. Glue-BCL is also a good option for good closure of central arc.

6.7  Complicated Corneal Lacerations

6.7.1  Corneal Laceration with Uveal Incarceration or Prolapse

Large corneal lacerations secondary to globe rupture are usually associated with 
uveal tissue prolapse, incarceration in wound and iris tear. If left unattended, it may 
lead to dreaded complications like endophthalmitis, panophthalmitis or sympathetic 
ophthalmia. The decision on management of the prolapsed uveal tissue in 
corneal/corneo-scleral repair is important and should be carefully examined for 
signs of infection and epithelialisation. Exposure to external environment for more 
than 24 h increases risk of infection. Reposting back the dead and necrotic tissue 
which has been lying exposed in the tear is avoided, as reposition will lead to trans-
fer of infection to anterior chamber. If epithelised, tissue must be removed to pre-
vent epithelial seeding in anterior chamber. The two forms of management of 
prolapsed uveal tissue in the wound in corneal/corneo-scleral wound repair include 
prolapsed iris tissue abscission and excision. Abscission is preferred over excision. 
In abscission, tissue is gently pulled outside though wound and cut flush with cor-
nea, taking out a rim of healthy iris tissue along with dead devitalised tissue. This 
minimises the risk of anterior chamber seeding by infectious tissue. In excision, 
tissue is cut flush without pulling it out. While removing the tissue, all attempts 
should be made to save as much tissue as one can, but not at the cost of increasing 
risk of infection. Large areas of tissue damage not amenable to suturing should be 
managed with Corneal patch graft. Thus back up tissue should be available while 
repairing cases with significant tissue defect

Incarcerated tissue if healthy, with exposure lesser than 24 h, may be reposited 
back in the anterior chamber. A blunt iris spatula/simple visco cannula can be used. 
Cannula is introduced through the side port incision and tissue is reposited by gentle 
sweeping movements, followed by suturing of wound in usual way. Surgeon must 

Fig. 6.8 Purse-string 
suturing in stellate corneal 
tear repair
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double check before closing the surgery for any inadvertent or residual uveal tissue 
incarceration in suture/wound, as uveal tissue in wound is potential risk factor for 
sympathetic ophthalmia. Uveal tissue in wound can lead to anterior synechia forma-
tion and adherent leucoma subsequently, which may complicate course of treatment 
by causing astigmatic changes and secondary glaucoma.

Owing to handling of uveal tissue and broken blood aqueous barrier, excessive 
anterior chamber reaction may be expected in the postoperative period. To minimise 
this, subconjunctival injection of atropine sulphate (0.6 mg/ml) along with dexa-
methasone is given. Strong cycloplegic (like atropine sulphate 1%), frequent topical 
steroids (prednisolone acetate 1%) with or without oral steroids (prednisolone 1 mg/
kg/day) are added to the postop regimen along with topical antibiotics. Starting of 
postoperative topical steroids is withheld for 48–72 h or used more cautiously post 
repair in setting of infection to rule out wound infection. Fellow eye must be exam-
ined for signs of sympathetic ophthalmia at each visit.

6.7.2  Corneal Laceration Along with Limbus or 
Scleral Involvement

Limbal or scleral involvement is commonly seen in globe rupture. Usually, corneal 
laceration if associated with scleral tear is usually continuous. Scleral tear with 
healthy area in between it and corneal laceration is extremely rare. All cases of a 
full-thickness corneal laceration which are extending up to limbus, a limited perit-
omy must be done at the area adjacent to corneal laceration to find out extent of 
damage. If scleral involvement is present, a limbal area is secured first by 10-0 
nylon suture. Then an area of laceration just posterior to limbus is sutured using 7-0 
vicryl suture. Theses sutures are cut long, ends of the suture can used as an anchor-
ing suture for mobilising globe to maximise surgeons view during scleral wound 
suturing. Posterior most extent of scleral tear is to be looked for by globe explora-
tion at time of surgery to identify it in extensive tears. For this a surgeon should 
dissect as posterior as he/she can. In rare cases if tear is extending up to unreachable 
posterior part of globe, surgeon should suture the globe up to the maximum extent 
of wound. If needed, planned disinsertion of recti can be done, which can be restored 
at place after scleral tear repair. Care must be taken to cut the incarcerated vitreous 
and uveal tissue at wound. A mechanical vitrectomy cutter is preferred to remove 
the vitreous from wound. After suturing scleral tear, corneal tear is sutured in usual 
way. Conjunctival peritomy is sutured with 8-0 vicryl suture. These cases need post-
operative regimen targeted to tackle expected reaction and inflammation. Life time 
follow-up for sympathetic ophthalmia and retinal detachment is needed.

6.7.3  Corneal Laceration with Traumatic Cataract

Traumatic cataract is encountered in 27–65% of the ocular trauma cases [24–26]. In 
certain cases, traumatic cataract may be visually significant and needs concurrent 
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management at the time of repair surgery. Cases with minor injury and with mini-
mal or localised lens opacity, can be observed and the lens opacification can be dealt 
with later (Fig.  6.9a, b) [27]. The common question encountered is to whether 
simultaneous cataract surgery is also to be done in the same setting as tear repair or 
to operate cataract later on once eye is quiet (Fig. 6.10). Ruptured anterior capsule 
with lens matter in anterior chamber, if not removed will cause intense inflamma-
tory reaction, endothelial touch, secondary glaucoma, etc.; hence needs to be tack-
led at the time of primary laceration repair. Besides inflammation and visual 
disturbances, a significant cataract also precludes fundus view in postoperative 
period. In the absence of significant cataract, anterior capsular rupture, it is better to 
plan cataract surgery at a later date. This approach gives advantage of better IOL 
power calculation after suture removal after confirming visual potential.

6.7.3.1  Simultaneous Corneal Tear Repair with Cataract Extraction
After routine corneal laceration repair, two clear corneal side port incisions are 
made 180° apart, with the help of MVR blade, (3’ o clock and 9’ o clock, if the 

a b

Fig. 6.9 Preoperative clinical picture of an open globe injury showing tear with iris incarceration 
in wound (a) and postoperative picture after corneal tear repair (b)

Fig. 6.10 Corneal tear 
with traumatic cataract 
with ruptured anterior 
capsule and lens matter in 
anterior chamber
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surgeon is seated superiorly; locations can be changed according to visibility and 
site of laceration, but must be 180° apart). Anterior chamber is filled with viscoelas-
tic, preferably high molecular weight cohesive viscoelastics like Helon/HelonGv, if 
not available HPMC 2% can also be used. Staining anterior capsule by Trypan blue 
dye (0.06%) increases the visibility. A tangential cut is given at the edge of torn 
capsule with the help of angled Vannas scissors if the anterior capsule is damaged 
and the rhexis is completed with the help of forceps. If intra-lenticular pressure is 
high, the lens is decompressed by aspirating lens material either with 
bimanual/Simcoe aspiration cannula through the traumatic anterior capsular open-
ing, if posterior vitreous pressure is significant, IV mannitol (5–7 ml/kg) intraopera-
tively can be given. Low flow parameters are used and bottle height is kept low, else 
laceration may extend to periphery. Rarely nucleus is hard due to age related 
changes, in such cases nucleus is delivered with the help of wire vectis though sclera 
tunnel. Patient is left aphakic. Every attempt is made to salvage ‘bag complex’. 
Secondary IOL may be planed later on after suture removal, after complete healing 
of corneal wound. Owing to difficulty in IOL power calculation and change in cor-
neal curvature after wound healing; lens aspiration with primary IOL implantation 
along with corneal laceration repair is not advised.

If posterior capsular rupture noted, a good anterior vitrectomy is done. To aspi-
rate a retained lens matter, instead of automated bimanual/Simcoe aspiration, vit-
rectomy cutter on ‘IA-CUT’ mode may be safely used.

Zonules are usually intact in cases of penetrating injuries as compared to non-
penetrating injuries. Very rarely, a sharp object/projectile can damage the zonules 
by direct impact. In such cases when posterior capsule intact and anterior rhexis is 
not radially torn capsular support devices can be used (Table 6.4).

IOL implantation in traumatic cataracts associated with penetrating injuries:

• Two stage approach: In traumatic cataracts with fresh corneal laceration, two 
stage approach is used. In first surgery laceration is repaired and lens is aspirated. 
In second stage of surgery a secondary IOL is planned. Cases where corneal 
wound is self-sealed and completely healed, primary IOL implantation can 
be planed.

• Timing of secondary IOL: After 4–6 weeks of primary surgery, after complete 
removal of corneal sutures—whichever is later

Table 6.4 Extent of Zonular loss and preferred surgical approach

Extent of zonular loss Preferred surgical approach
Zonular loss 1–3 clock hours Orientation of haptic of IOL in area of weakness (IOL either 

PMMA or Multipiece) with or without Capsular tension ring 
(CTR)

Zonular loss 3–6 clock hours Modified CTR (Cionni ring) or CTR with Capsular tension 
segment (CTS)

Zonular loss >6 clock hours 
but <9 clock hours

Double eyelet Cionni ring with or without CTS

Zonular loss >9 clock hours ICCE done with secondary IOL
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• IOL type and material: Multipiece IOL is preferred. PMMA IOL can also be 
used. Foldable single piece IOLs are avoided. Acrylic hydrophobic is a preferred 
IOL material.

• Preferred Location of IOL implantation: Sulcus>Scleral fixation >anterior 
chamber IOL

6.7.4  Corneal Laceration with Endophthalmitis

Endophthalmitis is potentially devastating complication of ocular trauma, the inci-
dence being 1  in 100 open globe injuries [27]. Compared to postoperative endo-
phthalmitis, posttraumatic endophthalmitis usually has worse prognosis visually. 
Potential risk factors include trauma by vegetative matter, retained intraocular for-
eign body, disruption of crystalline lens and delay in primary repair. Ruptured lens 
is a potential risk factor because it gives microorganisms a direct access to the pos-
terior segment. Penetrating trauma in rural setting has higher risk than that urban 
setting; owing to higher incidence of soil contamination [28]. Non-metallic foreign 
body has higher risk as compared to metallic ones. Prophylactic intravitreal and or 
intracameral antibiotics are recommended for high-risk cases. Organisms isolated 
are usually Bacillus species, Staphylococcus epidermidis and Streptococcus spe-
cies, and polymicrobial infections are not uncommon. Bacillus species are common 
in wounds contaminated by soil. Patient presents with rapid onset severe pain and 
inflammation, hypopyon, chemosis, ring infiltrates in cornea and even panopthalmi-
tis [29]. Pseudomonas is another cause for rapidly progressing endophthalmitis. 
Fungal infections are common with vegetative matter injury, particularly aspergillus 
species while candida species are common in hospitalised patients [30, 31].

Treatment of endophthalmitis with corneal laceration starts with repair of the 
corneal laceration in the usual fashion. Anterior chamber wash is given with vanco-
mycin 1 mg/0.1 ml and Ceftazidime 2.25 mg/0.1 ml. Use of dexamethasone is con-
troversial. Anterior chamber exudates/vitreous sample is taken by intravitreal tap 
aspirate for culture and sensitivity before instillation of intravitreal antibiotics injec-
tion, subsequent to completion of tear repair. Intravitreal injection and/or anterior 
chamber wash with Amphotericin B 5 μg/0.1 ml is given in cases with vegetative 
matter trauma. Fortified topical antibiotics are given along with intravitreal antibiot-
ics from day 1 postoperative period. Similarly, intravitreal injection is to be given if 
RD is not present on B-scan. For non-responding patients pars plana vitrectomy 
(PPV) is planned subsequently, after media gets clear providing enabling better vis-
ibility. A silicone oil injection is considered in most cases, because it not only sup-
ports retina but it also slows down the microbial growth [32–34].

6.7.5  Treatment of Associated Cyclodialysis

Cyclodialysis usually occurs in blunt ocular trauma, though perforating injuries can 
also have component of cyclodialysis. Cyclodialysis repair is planned after corneal 
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laceration repair. Management of cyclodialysis clefts requires step wise approach, 
primary corneal laceration repair followed by cyclodialysis repair on subsequent 
visits. Patient may have more than one cyclodialysis cleft, hence it is necessary to 
identify the full extent and location of cleft. There is no standardised management 
for cyclodialysis. Direct cyclopexy remains the most common treatment, followed 
by vitrectomy with internal tamponade [35, 36]. Diagnosis of cleft is challenging, 
non-invasive modalities like UBM and AS-OCT can be used along with gonioscopy.

6.8  Postoperative Management

Eye patch is opened after 24 h. On day 1 of postoperative period, sutured wound is 
examined for leak using fluorescein dye strips. Anterior chamber depth and pres-
ence of inflammatory reaction are noted. If fundus is visible, it is examined for any 
sign of vitritis and retained foreign body. Routine postoperative regimen recom-
mended is e/d moxifloxacin 0.5% QID, e/d homatropine 2% BD and oral analgesic 
ibuprofen/paracetamol. In case of vegetative material trauma, topical steroids are 
generally prescribed after 1 week of antibiotic therapy; if wound is clean topical 
steroids (e/d prednisolone acetate 1%) 2 hourly can be started from day 1. Topical 
steroids are tapered during subsequent visits. Topical carboxy methyl cellulose 
0.5% or hydroxy propyl methyl cellulose 1% drops can be given to minimise for-
eign body sensation. No proven role of prophylactic oral antibiotics has been noted 
to prevent traumatic endophthalmitis. If anterior chamber reaction is anticipated 
(which is usually seen when iridectomy/lensectomy/vitrectomy is done), oral pred-
nisolone once a day 1 mg/kg is given for a week. Subsequent follow-up is done after 
7 days, then twice weekly for a month, monthly for first 6 months and then once in 
a year. More frequent follow-ups may be required in cases with significant inflam-
mation. Besides routine eye evaluation, eye is examined for any loose suture, suture 
infiltrates or any sign of late endophthalmitis. Suture removal is done after 6–8 
weeks upon ensuring optimal wound healing. All sutures are preferably not removed 
in a single setting; instead an alternate suture removal is done. Sutures at steeper 
axis are removed first. Other healthy eye should be examined for signs of sympa-
thetic ophthalmia. Patient is also educated for early symptoms of sympathetic oph-
thalmia, i.e. loss of near vision, photophobia in healthy eye.

6.9  Management of Astigmatism After Corneal 
Laceration Repair

Addressing postoperative astigmatism after corneal laceration repair is difficult. 
Hence every attempt is made to reduce it by using simple steps, which are high-
lighted above, in operation section, to reduce it. Treatment of astigmatism in trauma 
cases begins after 6 weeks of surgery, after healing of wound. Usually, these cases 
tend to have irregular astigmatism. Classically it can be managed in step wise man-
ner, first by selective removal of tight sutures. Suture removal is started after 6 
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weeks of surgery, as stated earlier. If significant astigmatisms remain after complete 
suture removal which is not amenable to correction by glasses, rigid gas permeable 
(RGP) contact lenses can be tried. RGP contact lenses provide significant visual 
improvement by providing smooth refractive surfaces negating the irregular astig-
matism secondary to scar. If astigmatism is regular and patient has significant cata-
ract, toric IOL implantation is a viable option.

Key Points

• Traumatic corneal injuries can result in permanent vision loss if inadequately 
treated.

• Both children and adults are equally susceptible and public awareness to avoid 
such accidental injuries should be reinforced.

• BETTS classification and OTSS can help in appropriately classifying and prog-
nosticating each case of ocular injury.

• Small lacerations can be managed with tissue adhesives and contact lens alone, 
whereas larger lacerations will require suturing.

• Appropriate management of corneal/corneo-scleral tears with optimal suturing 
and postoperative medical care will help in effective visual rehabilitation and 
decrease ocular morbidity.

• Associated complications need special considerations as explained in the chapter 
and needs to be managed on a case to case basis.
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7Emergencies in Microbial Keratitis

Bhavana Sharma, Samendra Karkhur, and Deepak Soni

7.1  Introduction

Microbial keratitis frequently presents as corneal emergency in clinical practice. It 
necessitates well-timed appropriate therapeutic interventions to salvage visual func-
tion and structural integrity. Small-sized corneal ulcers are amenable to treatment 
by broad-spectrum antibiotics. Whereas, while dealing with a large-sized corneal 
ulcer ophthalmologists are faced with dilemma of mixed microbial aetiology as a 
result of long duration, already instated cocktail of treatment and rapidly progress-
ing damage. In such a case despite initiation of treatment, ulcer may show subopti-
mal response with progressive damage. Visual and structural loss can be devastating 
in such cases. This chapter intends to discuss clinical features, diagnostic differen-
tiators, investigations and treatment, of microbial keratitis (MK) most likely to 
require emergent care.

7.2  Incidence

The incidence and type of MK largely vary with factors related to geography, eth-
nicity and trends in antibiotic usage [1]. Bacterial keratitis is reported to be more 
prevalent in developed countries as opposed to mycotic keratitis in the developing 
world. This variation is largely attributed to the organic matter-related ocular trauma 
as one of the most common risk factors for mycotic keratitis in the developing 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5876-1_7&domain=pdf
https://doi.org/10.1007/978-981-16-5876-1_7#DOI
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world. The incidence of MK varies from 10/lakh persons/year in the United States 
to 799/lakh persons/year in developing countries [2, 3]. Moreover, bacterial keratitis 
is the most common form of MK, accounting for 90–95% cases with highest 
reported cases in temperate climate regions [1].

Fungal keratitis is a common cause of corneal infection in developing nations 
owing to tropical climate with higher temperature and humidity. In sub-Saharan 
Africa and Asia, filamentous fungi account for more than 40% of cases of MK. In 
the United States, Candida and Aspergillus are regarded as most common cause of 
fungal keratitis while Fusarium species is predominant in the southern United 
States [4]. However, Aspergillus remains the most common cause of mycotic ulcers 
all over the world including India [4].

7.3  Aetiology

The variable aetiological agents in different types of MK are an important determi-
nant of severity of lesion and corneal emergencies associated with it. In bacterial 
keratitis, the most common causative pathogen has been reported to be Gram- 
positive cocci which include Staphylococcus aureus and Streptococcus pneumonia 
[5, 6]. Gram-negative bacilli like Pseudomonas aeruginosa, Haemophilus influen-
zae and Serratia species are other less common causative agents [7]. Staphylococcus 
epidermidis and Fusarium species are the most common organisms seen in polymi-
crobial keratitis. Among viral keratitis, Herpes simplex virus (HSV) is one of the 
leading and emerging causes of corneal blindness worldwide. Stromal necrotising 
HSV keratitis may lead to severe stromal necrosis and neurotrophic ulcer but rarely 
perforates. Rare pathogens causing microbial keratitis includes the protists, 
Acanthamoeba spp., Pythium and Microsporidia.

The aetiology of fungal keratitis varies depending on geographical region, cli-
matic condition and socio-economic status [6]. The common fungal agents associ-
ated with infectious keratitis include filamentous as well as yeast variants. 
Filamentous fungi are responsible for more than 70% of cases [6]. Mycotic keratitis 
carries a significantly higher potential for corneal perforation in comparison to other 
infective aetiologies [8]. Aspergillus keratitis shows a higher tendency for desce-
metocele formation and perforation in comparison to Candida and Fusarium kera-
titis. In addition, up to 20% cases of mycotic keratitis (mainly candidiasis) are 
complicated by bacterial coinfection [9].

Pseudomonas is the commonest pathogen identified in contact lens-associated 
bacterial keratitis and subsequent sloughing in such cases. It is also the most com-
mon bacterial organism detected in cases with corneal perforation [1]. While 
Staphylococcus aureus also exhibits considerable propensity towards corneal 
abscess, sloughing and perforation [10]. Incidence of secondary glaucoma is 
observed to be more in cases of Pneumococcal, mycotic and advanced stage of 
Acanthamoeba keratitis. Acanthamoeba keratitis may lead to corneal perforation in 
advanced cases, especially when initially misdiagnosed and inappropriately 
managed.

B. Sharma et al.
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7.4  Approach to Diagnosis

7.4.1  History

The relevant history together with the evaluation of clinical features is an important 
step towards formulating a clinical diagnosis. Identification of predisposing factors 
along with characteristic onset of symptoms can be indicative of causative organism 
(Table  7.1). Important predisposing factors that should be elicited during pre- 
treatment workup should comprise ocular trauma, conjunctivitis and subsequent use 
of over-the-counter medications, contact lens wear (including type and duration of 
lens used, time since last change to a new pair of lenses, cleaning regimen and fre-
quency of use) and whether the patient was engaged in activities such as sleeping or 
swimming with contact lenses in place, tear film abnormalities, use of topical ste-
roids, ocular surgery, neurotrophic keratopathy, systemic diseases and immune 
compromised states.

7.4.2  Clinical Examination

A meticulous clinical examination is an important step towards further management 
of the case. Patients presenting with microbial keratitis-related corneal emergencies 
should be first assessed for visual acuity in the involved eye. The extent of deteriora-
tion in visual acuity is indicative of severity of the lesion and provides a useful guide 
to the prognosis and potential response to treatment. Careful slit lamp aided ocular 
examination is important for presumptive diagnosis of the causative pathogen by 
determining the morphology of lesion, growth pattern within the cornea and other 
unique clinical signs (Table 7.2).

Slit lamp photography is a useful tool to monitor the clinical progress and is a 
strong aid in counselling the patient for improved compliance. Ultrasound B-scan 
(USG B-scan) should be employed to assess the posterior segment in severe cases 
where endophthalmitis is suspected and visualisation of fundus is not possible. 
Clinical grading of ulcer is indicative of extent and severity of disease and is further 
helpful in treatment and prognosis of the case. Corneal ulcer can be graded into mild 
moderate and severe depending on the extent of involvement [11] (Table  7.3). 
Documenting the clinical features as a colour-coded diagram and/or a clinical pho-
tograph can serve as an important guide for prognosis and follow-up (Fig. 7.1).

7.4.3  Microbiological Evaluation

Microbiological evaluation for identification of causal organism is undoubtedly the 
most important step towards proper management of corneal ulcer. Cultures are help-
ful to guide in modification of therapy in patients with a poor clinical response and 
to decrease toxicity by eliminating unnecessary medications (Table 7.4). Obtaining 
a corneal culture is a means of identifying the causative organism(s) and the only 
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Table 7.2 Morphological pattern of different pathogens causing microbial keratitis

Sr. 
no. Pathogen Subtype Morphology

Associated 
findings Corneal emergency

1 Bacterial Greyish white 
infiltrates at 
epithelium and 
stromal level 
with 
associated 
stromal 
oedema and 
overlying 
epithelial 
defect

Papillary and 
ciliary 
congestion with 
conjunctival 
chemosis
Anterior 
chamber 
reaction with or 
without 
hypopyon

Descemetocele;
Perforation
Sloughing
Fistula

Staphylococcus Centrally 
located oval 
greyish white 
opaque ulcer 
with distinct 
margins and 
mild oedema 
of surrounding 
cornea

Mild AC 
reaction
Long-standing 
cases
Stromal abscess

Corneal abscess
Hallmark is 
‘suppuration’
Secondary glaucoma

Pseudomonas Spreads 
concentrically 
and 
symmetrically 
to involve 
increasing 
depth of 
cornea 
forming ‘Ring 
ulcer’ with 
greenish- 
yellow 
discharge. 
Marked 
surrounding 
stromal 
oedema

Severe AC 
reaction; 
Hypopyon
Rapidly 
progressing 
ulcer; secondary 
glaucoma

Stromal necrosis and 
corneal liquefaction 
progressing to 
descemetocele; 
perforation and 
sloughing

Pneumococcal Greyish white 
or yellowish 
disc-shaped 
ulcer near 
centre of the 
cornea
Starts at 
periphery and 
spreads 
towards centre

Hypopyon
Severe AC 
reaction and 
anterior uveitis
Tendency to 
creep over the 
cornea in 
serpiginous 
manner

‘Ulcus Serpens’ 
leading to corneal 
perforation

B. Sharma et al.
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Table 7.2 (continued)

Sr. 
no. Pathogen Subtype Morphology

Associated 
findings Corneal emergency

2 Mycotic Elevated 
branching 
ulcers with 
feathery 
irregular 
margins; 
associated 
overlying 
epithelial 
defect and 
satellite 
lesions
Advanced 
stage might be 
associated 
with ring 
infiltrates, 
endothelial 
plaques and 
corneal 
perforation

Hypopyon in 
advanced cases
Secondary 
glaucoma

Persistent epithelial 
defect
Perforation; 
sloughing ulcer

Filamentous 
fungi

Dry looking 
ulcer with 
irregular 
feathery 
extensions into 
normal cornea

Fixed hypopyon Perforation and 
sloughing. Fusarium 
species typically have 
a severe course with 
rapid perforation

Candida Elevated 
yellowish- 
white 
plaque-like 
lesion with 
surrounding 
infiltration and 
oedema

Fixed hypopyon Perforation in 
advanced cases or 
immunocompromised 
subjects

(continued)
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Table 7.2 (continued)

Sr. 
no. Pathogen Subtype Morphology

Associated 
findings Corneal emergency

3 Acantham-
oeba

Early phase Punctate 
lesions, 
pseudo- 
dendrites, 
subepithelial 
and perineural 
infiltrates

Ring infiltrates
Symptoms 
disproportionate 
to clinical signs

Radial keratoneuritis
Secondary glaucoma

Advanced 
phase

Advanced 
stages show 
multiple large 
stromal 
infiltrates 
associated 
with thinning 
of stroma and 
corneal 
melting

Hypopyon
Anterior Uveitis

Corneal perforation

4 Viral Epithelial Superficial 
punctate 
keratitis which 
coalesce to 
form dendritic 
ulcer, terminal 
bulbs and 
swollen 
borders

Loss of corneal 
sensations
Symptoms may 
be less than 
clinical signs

Persistent epithelial 
defect
Dendritic ulcer
Neurotrophic ulcer

Stromal
Non- 
necrotising

White opaque 
stromal 
infiltration, 
without 
ulceration

Anterior Uveitis
Secondary 
glaucoma

Neurotrophic ulcer

Necrotising Grey-white 
stromal 
infiltration 
with ulceration 
and necrosis

Anterior 
Uveitis; 
Secondary 
glaucoma

Corneal thinning 
leading to corneal 
perforation, necrosis
Neurotrophic ulcer

Disciform ‘Ground glass 
appearance’
Stromal 
oedema not 
associated 
with 
infiltration or 
vascularization
Thickening of 
all layers of 
the affected 
cornea with 
Descemet’s 
folds

Keratic 
precipitate 
(KPs) just 
behind the 
involved area

Secondary trabeculitis 
leading to secondary 
glaucoma

B. Sharma et al.
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Table 7.3 Grade of ulcer and stage-wise treatment

S. No

Grade of ulcer Treatment Regimen

Size
(mm)

Depth of 
involvement
(%) Features

1 Mild <2 < 20 Superficial 
involvement
No scleral 
involvement

Monotherapy
•  Ciprofloxacin 

0.3%
•  Gatifloxacin 0.3%
•  Moxifloxacin 

0.5%

•  4–6 times
•  Asses the response
•  Improvement—

continue for 7 
days and taper 
over another 7 
days

Moderate 2–5 20–50 Mid-stromal 
infiltrates
No scleral 
involvement

Combination therapy
•  Fortified 

Cefazolin5% 
+Tobramycin 
1.3%

Or
•  Fortified Cefazolin 

5%+Gatifloxacin 
0.3%or 
Moxifloxacin 
0.5%

Cephalosporin for 
Gram +ve cocci and 
AG/FQ for Gram –
ve bacilli

•  2 hourly day time, 
4 hourly night 
time for 2 days

•  Taper over next 1 
week, later 4 times 
for another 1 week

Severe >5 >50 Deep 
stromal, 
scleral 
involvement

Combination therapy
•  Fortified 

Cefazolin5% 
+Tobramycin 
1.3%

OR
•  Fortified Cefazolin 

5%+Gatifloxacin 
0.3% or 
Moxifloxacin 
0.5%

Cephalosporin for 
Gram +ve cocci and 
AG/FQ for Gram –
ve bacilli
Systemic antibiotics

•  Loading dose
Every 5 min for 
half-hour; every 
15 min for 2 h; every 
half to 1 h for 24 h
•  Assess the clinical 

response
•  Improvement: 2 

hourly day time 4 
hourly night time 
for 2 days and 
taper over next 1 
week; 4 times for 
another 1 week

2 Perforated ulcers or Impending perforation Systemic 
antibiotic—oral or 
intravenous 
Ciprofloxacillin 
500–1000 mg BD
Tab Doxycycline 
100 mg BD along 
with topical therapy 
as described

1–2 weeks

(continued)
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method to determine antibiotic sensitivity. However, with the advent of broad- 
spectrum antibiotics many ophthalmologists tend not to culture the microbe. Small 
peripheral ulcers may not require culture but central ulcers and ulcers more than 
2 mm, should be cultured prior to initiating therapy to prevent progression, indo-
lence and relapse. If access to the culture media is not available, valuable informa-
tion can still be achieved from Gram stain. The site should be cultured even in 
patients already on antibiotics as, there always remains a possibility to get conclu-
sive result. In event of inconclusive microbiological report of non-responding 
ulcers, patients should be evaluated for non-bacterial aetiology. Samples of the eye-
lids/conjunctiva, topical eye medications and contact lens solutions should also be 
cultured wherever deemed necessary.

Indications for Culture Sensitivity
• A corneal infiltrate which is central, more than 2  mm and/or associated with 

significant stromal involvement or melting.
• Infection is chronic in nature or unresponsive to broad-spectrum antibiotic 

therapy.
• History of corneal surgeries.
• Atypical clinical features suggestive of fungal, amoebic, or mycobacterial 

keratitis.
• Infiltrates in multiple locations over the cornea.

Table 7.3 (continued)

S. No

Grade of ulcer Treatment Regimen

Size
(mm)

Depth of 
involvement
(%) Features

3 Scleral involvement
Neisseria, Corynebacterium and Haemophilus 
infection

Systemic 
antibiotic—oral or 
intravenous 
Ciprofloxacillin 
500–1000 mg BD

1–2 weeks

4 Descemetocele BCL; Tissue glue; 
AMT

5 Perforation <2 mm BCL; tissue glue; 
AMT

6 Perforation >2 mm Patch graft
Therapeutic 
keratoplasty

7 Sloughing Therapeutic 
keratoplasty

8 Corneal Fistula Patch graft
9 Endophthalmitis I/V antibiotics

AG/FQ: Aminoglycosides/Fluroquinolones
BCL: Bandage contact lens
AMT: Amniotic membrane transplantation
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Epithelial defect - Size mm × mm
Infiltrates – Size and  depth of involvement
Maximum thinning in mm & depth of
involvement

Other findings:

 • Epithelial and Stromal edema

 • Epithelial and Stromal necrosis

 • Descemetocele – Size and sector of
       involvement

 • Hypopyon - Size and mobility

 • Vascularisation - Type, sector and 

   extent of involvement

 • Satellite lesions - Number, size and
  sector of involvement

 • Immune ring

OD

Fig. 7.1 Colour-coded diagram for documentation

Table 7.4 Microscopy and microbial culture in microbial keratitis

Microscopy (smear) Culture media
Bacterial Gram’s stain

Giemsa stain
Chocolate agar (Haemophilus and 
Neisseria spp.)
Blood agar (aerobes)
Thioglycollate broth
Roberson cooked meat media 
(anaerobes)

Fungal KOH mount (10%)
Calcofluor white
Gram’s stain
Periodic acid-Schiff (PAS)

Sabouraud dextrose agar without 
chlorhexidine
Brain heart infusion agar with 
chloromycetin

HSV keratitis – Tube culture isolation—traditional 
gold standard
Cell culture (cell lines—human 
foreskin fibroblasts, MRC-5)

Acanthamoeba Calcofluor white Non-nutrient agar with seeded 
Escherichia coli

Mycobacteria/ 
Acid-fast bacilli

Ziehl-Neelsen (ZN) stain Lowenstein-Jensen (LJ) media
Middlebrook media

Pythium Acridine orange hydrochloride, 
Lactophenol blue

Potato dextrose agar
Sabouraud dextrose agar, and
Chocolate agar
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7.4.4  Response to Treatment

Response to treatment should be assessed after 24 and 48 h. Stable clinical features 
after initiation of treatment without any worsening, even if not showing any 
improvement on clinical parameters is indicative of resolving infection. 
Subsequently, the ulcer should start consolidating with progressive healing of epi-
thelial defect, decrease in infiltration and stromal oedema. Other clinical signs also, 
should noticeably be decreasing. However, the visual acuity is the last to improve in 
majority of cases. Consequent to signs of healing, gradually reduce the frequency of 
topical treatment and follow up over 2 weeks. If morphological looking and culture- 
proven bacterial ulcers fail to show any improvement even after 7 days it is reason-
able to consider methicillin-resistant Staphylococcus aureus (MRSA).

7.4.5  When to Refer?

Referral guidelines largely depend on the level of health care delivery system, where 
the patient reports for the first time. Decision to refer the patient for further manage-
ment is dependent on multiple factors like onset and duration of symptoms, severity 
of disease and associated complications if any.

At Primary Centre
With limited resources and lack of skilled care at primary centre urgent referral to 
higher centre is mandatory along with prescription of broad-spectrum antibiotic eye 
drops for hourly instillation, until they are seen at the referral centre.

At Secondary Centre
Management of mild-to-moderate grades and uncomplicated corneal ulcers can be 
effectively done at secondary eye care centres. In cases of severe grades and com-
plicated variants, the decision to refer the case can be taken as per the guidelines 
(Fig. 7.2).

At Tertiary Centre
Different tertiary eye care centres have their own protocols for management of cor-
neal ulcer. However, the WHO recommended guidelines to be followed at eye care 
facilities are as follows [12]:

• Careful history, background examination findings and treatment history.
• Meticulous corneal scraping.
• Hospitalisation to ensure adequate treatment and regular follow-up.
• Documentation.

If the keratitis responds to treatment, instituted therapy should be continued for 
1–2 weeks in a bacterial aetiology and at least 2–3 weeks in fungal. In cases with 
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At Secondary Centre

• Corneal scraping, if diagnostic microbiology facilities available
• In absence of microbiology support, the choice of treatment remains empirical, based
 on the clinical presentation and the known epidemiological prevalence.
• Hospitalise to ensure adequate treatment and regular follow-up.
• Ensure documentation

• Atropine 1% or Homatropine 2% twice a day
• Artificial tears eye drops
• Oral analgesics
• IOP lowering medications if IOP is high
• Vitamin A supplements

Specific Initial Treatment

If microbiological
results are
conclusive

Guidelines for Referral to Tertiary Centre

Immediate Referral

� Ulcer >2 mm in size,
� Ulcer directly obscuring visual axis,
� Stromal melting.
� Anterior chamber inflammation,
� Scleral involvement,
� Atypical presentation,
� one eyed patient with involvement of the better
 eye,
� Impending or actual perforation,
� Paediatric patient

In cases of Bacterial Ulcer-
If no improvement noted
after 72 hours of treatment

In cases of Fungal Ulcer-
If no improvement noted
after 24 hours of treatment

In cases of deterioration

Referral after Initial Treatment

Subsequent Management
Response to treatment to be assessed 12 hourly and frequency of topical medications
adjusted accordingly

Adjunctive Treatment

Fig. 7.2 Management and referral guidelines for secondary centre
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poor response manifested as increase in size of epithelial defect, increase in infiltra-
tions, AC reaction and hypopyon, progressive thinning and perforation, it is prudent 
to re-evaluate the case for possible cause of indolence.

7.5  Bacterial Keratitis

Bacterial keratitis is the most common cause of microbial keratitis and accounts for 
more than 85% of all microbial keratitis cases [12]. It is a corneal emergency which 
if not managed properly, can lead to vision threatening complications such as perfo-
ration, sloughing, endophthalmitis and/or corneal scarring/opacification [12]. Since 
it is characterised by rapidly progressing clinical course, an early diagnosis and 
treatment are paramount to minimising visual deterioration. The clinical features 
and morphological appearance of important causes of bacterial keratitis are 
described below.

7.5.1  Diagnostic Differentiators

Patients presenting with bacterial keratitis exhibit distinct morphological patterns 
amenable to be correlated to particular pathogen which is immensely helpful in 
initiating an appropriate and timely treatment. However, in advanced cases the mor-
phological distinction is not discernible. Lid oedema, conjunctival and circumcili-
ary congestion, epithelial defect, stromal infiltration, surrounding oedema and 
endotheliitis associated with anterior chamber reaction with or without hypopyon 
are some of the important clinical signs that help differentiate bacterial corneal ulcer 
from other aetiologies.

7.5.1.1  Staphylococci
Staphylococcus being a commensal of conjunctival flora is seen to be a cause of 
keratitis more frequently in compromised corneal surface (Table  7.1). Corneal 
lesions are usually pale white, round or oval disc-shaped ulcer with dense deep sur-
rounding infiltration. Presence of stromal oedema, folds in Descemet’s membrane 
along with moderate-to-severe AC reaction and hypopyon are indicative of deeper 
involvement. Abscess formation may be seen in long standing cases with subopti-
mal treatment (Fig. 7.3).

7.5.1.2  Streptococci
Streptococcus pneumoniae usually presents with rapidly progressing lesion with 
severe mucopurulent discharge. Typical morphology being round or oval central or 
paracentral ulcer with formation of deep stromal abscess. It is accompanied by 
severe fibrinous AC reaction and hypopyon formation. Rest of the cornea is usually 
clear (Fig. 7.4).
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7.5.1.3  Pseudomonas
Pseudomonas aeruginosa typically presents with rapidly progressing ulcer both in 
size and in depth with dense deep stromal infiltrate and oedema, intense necrosis 
and greenish-yellow mucopurulent discharge (Fig.  7.5). Rest of the cornea has 
steamy inflamed ground glass appearance. In event of suboptimal treatment, the 
aggressive pathological course of Pseudomonas causes rapid descemetocele forma-
tion and subsequent corneal perforation or sloughing. Immune ring may be seen in 
a slowly progressing lesion.

a

c

b

d

Fig. 7.3 (a) Pale white disc-shaped ulcer with dense deep surrounding infiltration, stromal 
oedema, folds in Descemet’s membrane and hypopyon indicative of Staphylococcus. (b) Status 
post healing with the formation of leucomatous corneal opacity. (c, d) Larger pale white 
Staphylococcal central ulcer with surrounding infiltration
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7.5.2  Management

Empirical therapy should be started in cases of mild keratitis, obviating the need for 
corneal scraping, especially in centres where laboratory facilities may not be readily 
available for plating and inoculation. However, in moderate and severe grades of 
ulcers microbiological workup and antibiotic sensitivity should necessarily be done. 
Subsequently, empirical treatment should be started with broad-spectrum antibiot-
ics in accordance with the sensitivity report (Table 7.5) [12]. Corneal biopsy could 
be considered in cases with deep stromal infiltrates, particularly in setting of nega-
tive culture and poor clinical improvement.

Bacterial keratitis is effectively managed (including severe cases) using fortified 
antibiotics, tobramycin (14 mg/mL) one hourly alternating with cefazolin or vanco-
mycin (50 mg/mL). General guidelines for antibiotic usage in the management of 

a b c

Fig. 7.4 (a) Round paracentral ulcer with formation of deep stromal abscess with hypopyon (b) 
Streptococcus keratitis status post radial keratotomy, and (c) Healed keratitis at follow up of 7 days

Fig. 7.5 Slit lamp picture 
showing Grade III corneal 
ulcer with dense stromal 
infiltrates, liquefactive 
necrosis and intense yellow 
exudates, causative 
organism being 
Pseudomonas. Note the 
marked thinning with 
peripheral gutter formation 
(arrow) and perforation 
sized 2 × 3 mm 
(arrowhead)
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bacterial keratitis are illustrated in Table 7.5. Adjunctive treatment of cycloplegics, 
tear supplements and antiglaucoma medication should be instituted along with anti-
biotics. Less-severe forms of keratitis can be effectively managed by monotherapy 
with fourth-generation fluoroquinolones such as moxifloxacin or Gatifloxacin. 
MRSA should be considered in a culture-proven bacterial ulcer, if it fails to show 
any improvement in 24–48 h [13]. Ocular surface disease should be ruled out in 
such cases. Figure 7.6 summarises the treatment approach to bacterial keratitis at a 
tertiary level facility.

Table 7.5 Antimicrobial therapy for the management of bacterial keratitis

Organism Antibiotic
Topical 
concentration

Subconjunctival 
dose

No organism identified or 
multiple types of 
organisms

Cefazolin or vancomycin
with
Tobramycin or gentamicin
or Fluoroquinolonesa

50 mg/mL
9–14 mg/mL 
Variousb

100 mg in 
0.5 mL
20 mg in 0.5 mL

Gram-positive cocci Cefazolin
Vancomycinc

Bacitracinc

Fluoroquinolonesa

50 mg/mL
15–50 mg/mL
10,000 IU
Variousb

100 mg in 
0.5 mL
25 mg in 0.5 mL

Gram-negative rods Tobramycin or gentamicin
Ceftazidime
Fluoroquinolones

9–14 mg/mL
50 mg/mL
Variousb

20 mg in 0.5 mL
100 mg in 
0.5 mL

Gram-negative coccid Ceftriaxone
Ceftazidime
Fluoroquinolones

50 mg/mL
50 mg/mL
Variousb

100 mg in 
0.5 mL
100 mg in 
0.5 mL

Nontuberculous 
mycobacteria

Amikacin
Clarithromycin
Azithromycin
Fluoroquinolones

20–40 mg/mL
10 mg/mL
10 mg/mL
Variousb

20 mg in 0.5 mL

Nocardia Sulfacetamide
Amikacin Trimethoprim/
sulfamethoxazole: 
Trimethoprim
Sulfamethoxazole

100 mg/mL
20–40 mg/mL
16 mg/mL 
80 mg/mL

20 mg in 0.5 mL

Reprinted with permission from: Lin A, Rhee MK, Akpek EK, Amescua G, Farid M, Garcia-Ferrer 
FJ, Varu DM, Musch DC, Dunn SP, Mah FS.  Bacterial Keratitis Preferred Practice Pattern®. 
Ophthalmology. 2019 Jan;126(1):P1
aFewer Gram-positive cocci are resistant to gatifloxacin, moxifloxacin and besifloxacin than other 
fluoroquinolones
bBesifloxacin 6 mg/mL; ciprofloxacin 3 mg/mL; gatifloxacin 3 mg/mL; levofloxacin 15 mg/mL; 
moxifloxacin 5 mg/mL; ofloxacin 3 mg/mL, all commercially available at these concentrations
cFor resistant Enterococcus and Staphylococcus species and penicillin allergy. Vancomycin and 
bacitracin have no Gram-negative activity and should not be used as a single agent in empirically 
treating bacterial keratitis
dSystemic therapy is necessary for suspected gonococcal infection
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7.6  HSV Keratitis

HSV keratitis is by far the most underdiagnosed and an equally challenging entity 
in clinical practice both from diagnostic and from therapeutic perspective. It can 
affect all the layers of cornea individually or as mixed variants. The diagnostic 
dilemma and therapeutic concerns can be challenging for the ophthalmologist, 
because HSV keratitis often masquerades as Acanthamoeba keratitis, mixed micro-
bial keratitis, toxic epitheliopathy and neurotrophic keratitis [14]. Thus, it warrants 
an emergent intervention to alleviate symptoms minimise visual loss and prevent 
complications. As opposed to other types of microbial keratitis, HSV keratitis can 
have clinical manifestations ranging from infectious to immunological variants 
requiring varied treatment in diverse circumstances.

It can be broadly categorised as epithelial disease, caused by active virus replica-
tion, stromal disease, usually caused by immunologic mechanisms in addition to 
active viral replication and endotheliitis (Table 7.6). The commonest cause of cor-
neal emergency in HSV keratitis which necessitates emergent intervention is 

Culture performed
No

No

No

Yes

Yes

Yes

Withhold antibiotics for 24-48 hours;
repeat culture thereafter. Corneal
biopsy in severe progressive cases.

No growth

Growth

Organism sensitive to
antobiotics used

Add specific media including
fastidious organisms

Change over to
specific antibiotics

72 hours therapy

Inadequate dosing
- increase to
hourly dosing

Non-compliance - consider sub-
conjunctival injection or inpatient care

Immunocompromi
sed host - address

systemic cause

Complete 72 hours
of antibiotic therapy

Fig. 7.6 Treatment approach to bacterial keratitis at a tertiary level facility
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necrotising stromal keratitis. However, it is imperative to have knowledge of all 
types of clinical presentations, their morphology and treatment.

7.6.1  Diagnostic Differentiators

7.6.1.1  HSV Epithelial Keratitis
Infective epithelial keratitis is the most common manifestation and generally pres-
ents as dendritic and geographic ulcers in addition to marginal keratitis in infrequent 
cases [15]. Raised clear epithelial vesicles which later coalesce to form the typical 
dendritic or geographical ulcers are the hallmark of disease (Fig. 7.7a). The patient 
presents with symptoms of photophobia, pain, foreign body sensation and serous 
discharge. Blurring and diminution of vision may be seen in cases of central 
involvement.

The typical dendritic ulcer is a central or paracentral branching, linear lesion 
with terminal bulbs and swollen epithelial borders containing live viruses. However, 
immune compromised subjects may fail to show a typical dendrite and may have 
only vesicles.

The fluorescein-stained lesion is an important differentiator from other branch-
ing lesions of the corneal epithelium often regarded as pseudo dendrites particularly 
of varicella-zoster virus (VZV). Psuedodendrites are raised lesions usually periph-
erally located and arranged in cluster of cells without break in surface epithelium 
and hence do not stain with fluorescein. Coalescent and enlarged dendrites with 
scalloped borders are referred to as geographic ulcer (Fig. 7.7b). It has swollen epi-
thelial borders that contain live viruses while staining brightly with fluorescein. If 
treatment is not initiated promptly the disease can progress to stromal necrotising 
keratitis, immune stromal keratitis or neurotrophic keratopathy [15].

a cb

Fig. 7.7 (a) Slit lamp picture showing herpetic dendritic ulcer. (b) Slit lamp picture showing 
herpetic dendritic ulcer with dichotomous branching as visualised on cobalt blue filter with fluo-
rescein staining. Broad terminal end pattern is indicative of progression to geographical ulcer. (c) 
Corneal thinning consequent to marginal keratitis of HSV associated with superficial and deep 
vascularisation extending up to the lesion
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Treatment
Epithelial keratitis is a self-limiting disease with resolution in more than 50% of 
cases within 2 weeks [15, 16]. However, it is prudent to initiate timely treatment to 
promote healing, prevent progression and subsequent subepithelial scarring. It is 
advisable to do debridement of ulcer by a cotton-tipped blunt applicator which facil-
itates shedding of virus thereby decreasing the viral load. This is to be followed by 
topical antiviral agents in adequate doses.

Recommended treatment agents comprise of ganciclovir gel 0.15%, trifluridine 
1% ophthalmic suspension, every 2–4 h [17]. Acyclovir 3% or vidarabine 3% oint-
ment five times a day can also be used. To prevent drug-induced epithelial toxicity 
dosing frequency can be reduced over the next 2 weeks. Ganciclovir/ trifluridine can 
be reduced to 4–6 times and acyclovir/ vidarabine to 3 times per day and can be 
discontinued completely by 3 weeks. There is no role of topical corticosteroids in 
management of HSV epithelial keratitis. Supportive treatment in the form of topical 
cycloplegics (homatropine acetate 1%/ cyclopentolate 2%), broad-spectrum antibi-
otic (ofloxacin 0.3%/ moxifloxacin 0.5%) and preservative-free tear substitutes 
(HPMC 0.3%/ CMC 0.5%) are initiated to prevent iritis, ciliary spasm and superim-
posed secondary infection. Systemic antivirals are indicated in infants, immuno-
compromised patients, and patients not responsive or not compliant to topical 
therapy. They can shorten the course of disease, reduce the chances of complica-
tions and recurrences.

7.6.1.2  Marginal Ulcer of HSV
Marginal ulcer of HSV is a frequently misdiagnosed entity which is characterised 
by severe inflammation, anterior stromal infiltrates and accompanying vascularisa-
tion as a sequel to active viral replication and resultant immune response (Fig. 7.7c). 
It has to be differentiated from marginal keratitis of bacterial origin which is purely 
an immune response to bacterial antigen and presents with an intact overlying epi-
thelium with a clear zone between the lesion and corresponding limbus. The HSV 
lesion rarely progresses centrally even in advanced stage. In event of confounded 
diagnosis of bacterial marginal keratitis with initiation of topical corticosteroids 
without antiviral cover, the lesion can rapidly progress to larger size and central 
extension [15]. Treatment involves topical antiviral agents followed by topical cor-
ticosteroids once the infiltrates start to decrease and epithelial lesion is healed.

7.6.1.3  Stromal Keratitis
Is representative of true corneal emergency in HSV keratitis and presents either as 
primary or secondary affection (Table 7.6). Secondary involvement may occur as a 
complication of endotheliitis, epithelial keratitis or neurotrophic keratopathy. 
Stromal keratitis manifests as two major entities:

• Necrotising stromal keratitis—which involves active viral replication in stroma
• Immune stromal keratitis—sequel of an immune reaction to viral antigen within 

the stroma
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Necrotising Stromal Keratitis
Necrotising stromal keratitis occurs as a result of direct viral invasion of the corneal 
stroma. Clinical features include intense infiltration of the stroma, stromal necrosis 
and ulceration with an overlying breached epithelium (Fig. 7.8). If untreated it rap-
idly progresses to thinning and perforation. The condition needs to be differentiated 
from other types of microbial keratitis mainly bacterial and mycotic (Fig 7.9).

Treatment
Treatment is more complex in necrotising keratitis, in which both live virus and 
immune response are present and depend on severity of disease. For mild-to- 
moderate cases prednisolone 1% ophthalmic suspension 4 times and in severe 
grades 2 hourly dosing is started which can be tapered over a period of 8–10 weeks 

a b

c d

Fig. 7.8 (a) Stromal necrotising keratitis as visualised with fluorescein stain showing dense stro-
mal infiltrates and epithelial defect sized 4 × 4 mm. (b, c) Subsequent pictures show progressive 
healing with decrease in size of ulcer, infiltrates and healing epithelial margins
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[17]. It should always be supplemented with topical and systemic antiviral agents, 
cycloplegics and surface lubricants (Table 7.6).

Immune Stromal (Interstitial) Keratitis
It involves immune-mediated inflammation to retained viral antigen within the 
stroma. The viral antigen is thought to trigger an antigen-antibody-complement 
(AAC) cascade that results in intrastromal inflammation [18]. Stromal involvement 
occurs in the form of infiltration and stromal oedema with an intact overlying epi-
thelium accompanied with anterior chamber inflammation. The lesion heals by 
varying grades of stromal opacification depending on virulence of organism and 
host immune response. Wessely immune ring is seen as a consequence of AAC 
precipitate in mid stroma of central or paracentral cornea.

Immune stromal keratitis may lead to stromal neovascularisation and intense 
inflammation as a response to ongoing inflammation. The neovascularization may 
range from sectoral in less inflamed cases to complete involvement in severe inflam-
mation. It can be a cause of visual impedance if not managed timely. Emergent 
treatment of inflammation can result in resolution of blood vessels. Visual depriva-
tion may occur consequent to stromal scarring, lipid keratopathy, corneal neovascu-
larisation and ghost vessels. Such lesions may show reactivation after a period of 
quiescence which may range from weeks to months necessitating long-term topical 
corticosteroids to suppress the ongoing inflammatory reaction.

Treatment
Topical corticosteroids used in conjunction with systemic and topical antivirals are 
the mainstay of treatment in HSV immune stromal keratitis [19]. Dosing schedule 
largely depends on severity at the time of presentation. For mild-to-moderate dis-
ease prednisolone acetate 1% ophthalmic suspension four times a day and for severe 
cases 2 hourly regimen is to be instated. Topical antiviral agents should always be 
supplemented with topical steroids. Acyclovir 3% ointment, trifluridine 1% 

Fig. 7.9 Slit lamp picture 
showing necrotising viral 
keratitis with super-added 
bacterial infection (image 
courtesy—Prof. Namrata 
Sharma; Dr. R. P. Centre 
for Ophthalmic Sciences, 
All India institute of 
Medical Sciences,  
New Delhi)
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suspension or ganciclovir 0.15% gel 3–5 times a day should be started. Mydriatic 
cycloplegic drops of HA 2% /cyclopentolate 1% 2–3 times a day are to be given for 
ensuing iritis. Additionally, systemic antivirals like oral acyclovir 400 mg five times 
for 1 week and then three times for 1 week should be started. They shorten the 
course of the disease and reduce the chances of complications and recurrences.

Topical steroids work by reducing inflammation, scarring and neovascularisa-
tion. However, injudicious use of topical steroids can be a cause of perforation, 
secondary infection and secondary glaucoma. Systemic corticosteroids are to be 
reserved for severe stromal keratitis with endotheliitis and iritis. They should be 
given for long term up to 6 months till complete resolution occurs, otherwise, there 
is a risk of continuing inflammation and sequel.

7.6.1.4  HSV Endotheliitis
HSV endothelitis is characterised by immune-mediated inflammation of corneal 
endothelium manifesting as moderate to severe stromal oedema associated with 
keratic precipitates (KP) and overlying epithelial oedema in severe cases. Oedema 
is clearly demarcated from surrounding uninvolved cornea with or without presence 
of immune ring. Ongoing inflammation can be a cause of moderate-to-severe iritis. 
Characteristically the KP’s are always present along the line of endothelial, stromal 
and epithelial oedema and absent over the rest of cornea. Initiation of timely treat-
ment results in complete resolution of lesion. However, if untreated stromal oedema 
may persist leading to bullous keratopathy, scarring and secondary neovascularisa-
tion. Most agreed upon aetiology is immune mediated, however, some studies have 
demonstrated live virus in the lesion [20]. HSV endotheliitis can be classified as 
disciform, diffuse, and linear based on their morphology. Disciform endotheliitis is 
by far the most common variant present in central or paracentral area and typically 
with round configuration (Fig.  7.10). Patient presents with photophobia foreign 
body sensation with mild-to-moderate ocular discomfort. Clinical signs composed 

a b

Fig. 7.10 Slit lamp picture showing disciform keratitis of HSV. Note the central circular 3 × 3 mm 
lesion (a) with stromal oedema (arrow) seen on slit beam (b)
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of varying grades of visual acuity impairment, circumciliary congestion and the 
typical morphological lesion (as described above) with or without iritis. Secondary 
open-angle glaucoma may be seen in advanced cases and in severe involvement.

Diffuse endotheliitis is a rare form of HSV endotheliitis. Lesion typically is of 
diffuse distribution with diffuse stromal oedema and KP over the entire cornea. 
Severe cases may show epithelial bullae and hypopyon due to intense inflammation. 
Linear endotheliitis typically presents as a line of stomal oedema with KP and sec-
ondary iritis that progresses centripetally from the limbus [21–23].

Treatment
It necessitates aggressive treatment with both corticosteroids and antiviral agents. 
Oral acyclovir may have a beneficial role and should be considered in all cases. 
Adjuvant therapy with hyperosmotic agents, anti-glaucoma medication and lubri-
cating eye drops are to be given as per the clinical requirement.

7.6.1.5  Neurotrophic Ulcers
Neurotrophic ulcers are oval ulcers with smooth scalloped borders accompanied by 
lack of corneal lustre and decreased corneal sensations. They are formed conse-
quent to piling up of epithelial cells over the margin of ulcer mainly as a sequel to 
corneal nerve involvement, toxic epitheliopathy due to overtreatment with topical 
antiviral drugs and resultant decreased tear secretion. Neurotrophic ulcers can com-
plicate stromal ulceration and resultant perforation in absence of appropriate treat-
ment [24].

Treatment
Treatment aims to promote epithelial regeneration thereby healing the ocular sur-
face. All topical antivirals, antibacterial and cycloplegic agents should be discontin-
ued. Soft bandage contact lens can be supplemented to prevent shedding of 
regenerating epithelium. Frequent use of preservative-free artificial tears promotes 
epithelial healing. In non-responsive cases debridement of the epithelium from the 
margin of ulcer is advisable to facilitate migration of new epithelial cells thereby 
facilitate healing. Temporary tarsorrhaphy or eyelid stay suture can be employed as 
temporary measures to promote epithelisation and healing.

7.7  Fungal Keratitis

The incidence of fungal keratitis has increased over the years owing to frequent use 
of corticosteroids and antibiotics. Corticosteroids suppress the host immune 
response and antibiotics provide a non-competitive environment for the fungi to 
grow. Of the several agents known to cause fungal keratitis, two are important, 
namely—yeast (Candida spp.) and filamentous fungi (septate and aseptate). Former 
causes secondary fungal keratitis in already compromised corneas following use of 
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topical steroids or preexistent ocular surface disease while the latter overall, consti-
tutes the most common cause of fungal corneal ulcer. Few if any, fungi can pene-
trate intact corneal tissue. Risk factors for invasion and infection have been 
summarised in Table 7.1.

7.7.1  Diagnostic Differentiators

The clinical picture combined with relevant history makes for a good diagnostic 
differentiator in isolating fungal aetiology among other causes of infectious kerati-
tis. Although the most frequently presented signs of fungal keratitis are similar to 
other microbial keratitis, an intact epithelium over deep stromal infiltrate should 
alert the examiner in favour of fungal aetiology. Certain characteristic findings such 
as greyish white elevated ulcer with hyphate or branching edges, dry rough texture, 
satellite lesions, immune ring, endotheliitis/ endothelial plaque and fixed hypopyon 
with convex upper edge can be helpful in narrowing down the cause of keratitis to 
filamentous fungi (Fig 7.11). Fusarium species show a more aggressive course with 
deeper involvement and rapid perforation (Fig. 7.12). Corneal ulcer caused by yeast 
is a cheesy white elevated plaque-like lesion with small central ulcer and wider deep 
stromal infiltrates in a collar stud configuration. Dematiaceous fungi, such as 
Curvularia lunata are identified by the presence of gross brown pigmentation in the 
region of keratitis.

7.7.2  Treatment

Topical antifungal therapy is the mainstay of treatment of fungal keratitis. However, 
topical antifungal agents have poor corneal penetration; hence it is advisable to 
perform epithelial debridement at the time of initiating treatment. Topical 5% 
Natamycin eye drop being a wide-spectrum antifungal agent, is the drug of choice 
for most cases of mycotic keratitis. It is given in hourly dosing at daytime, and 2 
hourly at bedtime with tapering over 4–7 days if improvement is seen. The treat-
ment should be continued preferably for a period of 3–4 weeks or until complete 
resolution. Adjunctive treatment in the form of topical fluoroquinolone, Gatifloxacin, 
cycloplegics, tear supplements and antiglaucoma medication should be continues as 
per the clinical condition. In event of worsening of clinical features, it is advisable 
to introduce 0.15% Amphotericin B or 2 % Voriconazole eye drops. Systemic treat-
ment with oral Fluconazole 100–150 mg BD, oral Voriconazole 200 mg BD or oral 
Itraconazole 200 mg BD for 1–2 weeks is indicated in large-sized ulcers >5 mm, 
deep keratitis with more than 2/3rd involvement, scleritis, post-PK and in impend-
ing endophthalmitis.

Targeted therapy with intracameral or intrastromal antifungal agents can be 
given in severe cases which are non-responsive to medical therapy, have endothelial 
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exudates and severe AC reaction. Amphotericin B 5–7.5 μgm/0.1 mL of 5% dex-
trose or Voriconazole 50–100 μgm/0.1 mL of 5% dextrose can be given. Repeat 
dose can be given after 1 week. In severe cases such as deep infections, associated 
scleritis, anterior chamber infiltration—systemic therapy combined with intracam-
eral or intrastromal injections should be considered. Collagen cross- linking and 
cryotherapy have also been proposed as a useful adjunct to medical therapy [25].

Advanced cases involving the stroma often require prolonged and intensive topi-
cal and systemic antifungal therapy [26, 27]. Failure with medical management 
alone is common. Surgical interventions (therapeutic keratoplasty (TKP), penetrat-
ing keratoplasty (PK), conjunctival flap, lamellar keratoplasty or cryotherapy) are 
required for visual rehabilitation and control [28, 29].

a b

c d

Fig. 7.11 (a–d) Mycotic corneal ulcer with deep stromal abscess, endothelial plaque formation 
and fixed hypopyon. Large-sized corneal ulcer with satellite lesion and endothelial plaque is seen 
after removal of epithelial debris
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7.8  Acanthamoeba Keratitis

It is a fairly uncommon cause of infective keratitis caused by a protozoa—Acan-
thamoeba which is found ubiquitously in water and soil. The patient typically pres-
ents as a chronic case of contact lens wear with history suggestive of improper 
hygiene, exposure to contaminated water bodies or an organic matter-related trauma 
[30]. In patients with indolent features, leading history of previous use of topical 
steroids should be elicited. Predominant symptoms of severe pain, photophobia, 
watering, foreign body sensation even in milder looking lesions should alert the 
ophthalmologist about Acanthamoeba as a possible causative agent.

7.8.1  Diagnostic Differentiators

It primarily presents as ulcer with features similar to herpes simplex. Morphological 
features consist of epithelial microcysts and erosions, pseudo dendrites, stromal 
infiltrates and ulceration, radial keratoneuritis and immune ring formation [31] 
(Fig. 7.13). The pseudo dendrites are raised above the surface with symptoms dis-
proportionate to signs. Presence of satellite lesion is indicative of replicating tro-
phozoites. In advanced case with stromal ulceration disease may be indistinguishable 
from HSV.

Confocal microscopy is a useful, non-invasive imaging technique for diagnosis, 
and treatment of Acanthamoeba keratitis. Acanthamoeba cysts are identified as high 
contrast round configuration with double-walled structure of the ectocyst surround-
ing the endocyst, while trophozoites as more irregular structures. Radial keratoneu-
ritis can be demonstrated, as irregularly swollen nerve fibres. Identification and 
subsequent resolution of these lesions are important to evaluate the response to 
treatment and can serve as prognosis indicators.

Fig. 7.12 Slit lamp 
picture of mycotic corneal 
ulcer with hypopyon, 
surrounding dense 
infiltration, marked 
thinning in centre and 
impending perforation
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It should be differentiated from mycotic keratitis when a similar history of 
trauma with vegetative matter is present. However, clinical signs of radial kerato-
neuritis, pseudo dendrites and epithelial erosions are important differentiating fea-
tures. Advanced cases present as deep stromal infiltrate and abscesses which can 
progress to descemetocele and perforation. Uncontrolled infection can be a cause of 
scleritis, iridocyclitis, secondary glaucoma and complicated cataract.

7.8.2  Treatment

Microbial keratitis due to Acanthamoeba is difficult to treat requiring treatment for 
longer duration up to 6–12 months. Combination therapy includes cytocidal drugs 
like Propamidine isethionate 0.1%, Chlorhexidine 0.02%, polyhexamethylene bigu-
anide 0.02%, hexamidine and miltefosine (65.12 μg/mL) are effective when given 
for prolonged period [30]. Chlorhexidine 0.02% is given 1–2 hourly for 2–4 weeks, 
which can later be tapered to 4–6 times for 6–12 months. Adjuvants like mydriatic 
cycloplegic agents, surface lubricants and broad-spectrum antibiotics can be sup-
plemented. Recommended dosing frequency varies, but they are initially used 
hourly for the first several days and tapered slowly over 4−6 weeks to four times a 
day. The maintenance therapy is tapered more slowly to ensure complete eradica-
tion of cyst, lasting 3−6 months, even up to a year or more in resistant cases.

Systemic drugs found to be useful in Acanthamoeba keratitis are Voriconazole 
and Miltefosine. Oral Voriconazole in a dose of 200 mg twice daily for 4–6 weeks 
can be started. Miltefosine is an alkyl phosphocholine that has demonstrated effi-
cacy in other protozoal infections such as visceral leishmaniasis, Trichomonas 

Fig. 7.13 Corneal ulcer 
sized 5 × 5 mm with deep 
stromal infiltrates and 
immune ring formation 
caused by Acanthamoeba
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vaginalis and Entamoeba histolytica. Oral Miltefosine in the dose of 50 mg three 
times for 4–6 weeks has shown to be efficacious. Gastrointestinal symptoms after 
prolonged treatment have been of concern in some patients. However, the dosing 
frequency can be reduced to 50 mg once or twice daily in such cases

Mechanical debridement of the ulcer helps to remove organism and also to 
improve drug penetration. Patients requiring therapeutic corneal transplantation 
should be evaluated carefully to identify the healthy margins free from infection in 
host cornea. However, recurrence of infection in the graft has been commonly 
reported by various authors [30, 32].

7.9  Pythium Keratitis

Microbial keratitis caused by Pythium insidiosum has garnered much interest over 
the last decade. It is an oomycete that causes a devastating infection of the cornea 
and can cause severe visual loss owing to its aggressive course refractory to stan-
dard treatment. Incidence is found to be more in tropical and subtropical climates. 
Clinical, microbiological, histopathological and confocal microscopy features of 
Pythium insidiosum closely resembles that of fungus, increasing the difficulty in 
diagnosis and resulting in an under diagnosis of Pythium keratitis (Fig. 7.14). Major 
reports have identified it to be refractory to both medical and surgical treatment

7.9.1  Diagnostic Differentiators

Morphological features on clinical presentation comprise mainly of cotton wool or 
dot-like infiltrates in early stage which later progress to larger size ulcer with hyphate 
edges extending into surrounding cornea resembling that of filamentous fungi [33]. 
Additionally, tentacle-like lesions and peripheral furrowing may be seen. Pythium 

Fig. 7.14 Rapidly sloughing 
corneal ulcer due to Pythium 
Insidiosum
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keratitis has an aggressive course that can lead to descemetocele formation, perfora-
tion and sloughing within a week (Fig 7.14). At times the lesions mimic the radial 
keratoneuritis of Acanthamoeba keratitis misleading the diagnosis and management.

7.9.2  Diagnosis

Electron microscopy of Pythium filaments on cursory look mimic filaments of 
hyphate fungi, however, important differentiating feature being a sparse or complete 
absence of septae in filaments. They are broad ribbon shaped with right angle 
branching. The growth on SDA/blood agar is characterised by flat, colourless or 
light brown glabrous colonies. Identification is best confirmed by demonstrating 
zoospore formation or PCR DNA sequencing [33, 34].

7.9.3  Treatment

Various treatment options have been suggested for treatment of Pythium keratitis. In 
vitro sensitivity of antibiotics such as azithromycin, minocycline and tigecycline have 
been tested and found to be effective. Topical azithromycin 1% and linezolid 0.2% 
eyedrop every hour along with oral azithromycin 500 mg once per day or linezolid 
1200 mg/day has been found to be effective [33]. Treatment needs to be continued for 
2–4 weeks. Additionally, Tetracycline ointment four times a day, Chloramphenicol 
eye drops hourly and Caspofungin 200 mg twice a day has been shown to be effective. 
However, despite the initiation of medical treatment the aggressive course of pathogen 
warrants surgical intervention in majority of cases. Therapeutic keratoplasty is the 
treatment of choice in such cases. Recurrence of disease in grafted tissue remains an 
important impedance to visual and structural improvement.

7.10  Surgical Management

Occasionally, adjuvant surgical therapy is indicated in the treatment of microbial 
keratitis composed of therapeutic contact lenses, collagenase inhibitors, tarsorrha-
phy, conjunctival flap [35], cyanoacrylate glue [36] and lamellar or penetrating 
keratoplasty [37].

Impaired healing manifesting as persistent epithelial defect that fails to respond 
to conventional therapy of lubricating eye drops, necessitates the use of soft ban-
dage contact lens, amniotic membrane transplantation and temporary tarsorrhaphy. 
Gundersen conjunctival flap can be advanced over the defect for surface healing and 
control of inflammation. Nevertheless, such eyes may need a penetrating kerato-
plasty at a later date.

Small perforations less than the size of 3 mm are amenable for closure by cyano-
acrylate glue. Larger perforations more than 3 mm in size will require penetrating 
keratoplasty [38]. The size of the graft in such cases should be compatible with size 
of the defect by oversising of 0.25–0.5 mm.
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Corneal transplantation done for HSV keratitis are likely to have stronger post- 
operative inflammation causing a risk of graft rejection in addition to recurrence of 
infection in the graft. Post-operative treatment regimen in such cases should include 
topical and systemic antivirals and corticosteroids in tapering doses for a period of 
6 months. Patients with deep stromal opacity may be benefitted from DALK which 
has the advantage of a low rejection rate.

7.11  Corneal Emergencies Associated with Microbial 
Keratitis and Their Management (Table 7.1)

7.11.1  Penetrating Trauma with/Without Foreign Body

In microbial keratitis associated with penetrating trauma primary management is 
directed towards repair of the corneal tear followed by treatment of keratitis as 
described above. Foreign body if present must be removed during primary repair. 
Special attention should be given to clinical signs indicative of endophthalmitis. 
Cautious use of steroids must be exercised.

7.11.2  Descemetocele and Corneal Melt or Perforation

Severe ulceration may lead to descemetocele formation which may progress to per-
foration or sloughing particularly in Pseudomonas, Pythium and necrotising stromal 
mycotic keratitis. This can further be complicated with the onset of endophthalmitis 
or expulsion of the contents of eyeball leading to an irreversible visual and struc-
tural damage. Depending on the extent of involvement treatment can be initiated by 
following procedures:

• Tissue adhesives—cyanoacrylate glue, fibrin glue [39]
• Conjunctival flaps—Gundersen or Cies’s racquet conjunctival flap [35, 40]
• Amniotic membrane transplantation—especially for central lesions [41]
• Tenon’s patch graft
• Keratoplasty—lamellar or penetrating keratoplasty
• Superficial keratectomy and/or tectonic epikeratoplasty

7.11.3  Scleritis

Peripheral corneal and perilimbal infections can be complicated with scleritis. 
Various predisposing factors include trauma, systemic infection with or without 
immunocompromised state, use of corticosteroids and immunomodulators, or pre-
vious ocular surgery [42, 43]. If not addressed timely and adequately infectious 
scleritis follows a more rapid and aggressive course, requiring evisceration to 
address the disease course [44]. Hence, infectious keratitis associated with scleritis 
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usually evolves into a poorer visual and anatomical outcome in comparison to that 
without scleritis.

The management often presents a greater challenge due to lack of consensus on 
therapeutic intervention. Early microbiological analysis, institution of specific anti-
microbial therapy and complete cessation of all forms of corticosteroids combined 
with surgical debridement if needed, especially in deeper scleral involvement 
remain standard treatment approaches in cases of keratitis associated with infec-
tious scleritis especially fungal. Simultaneously the underlying predisposing factor 
must be addressed while the infection is being managed.

7.11.4  Endophthalmitis

Microbial keratitis associated endophthalmitis carries a dismal prognosis and 
requires extensive surgical management. A major challenge in such a condition is 
the inability to visualise posterior segments to carry out complex vitreoretinal pro-
cedures, due to corneal opacification. Often surgeons’ resort to using combined 
penetrating keratoplasty and pars plana vitrectomy and lensectomy assisted by tem-
porary keratoprosthesis. Long-term silicone oil tamponade is required and the pro-
cedure remains globe salvaging more often than vision restoring.

7.12  Conclusion

Microbial keratitis is a frequent cause of corneal emergency requiring well-timed 
appropriate intervention to salvage visual and structural integrity. Last two decades 
have witnessed a sea change in the treatment of corneal ulcers with excellent visual 
and structural outcomes. Nevertheless, diagnosing and treating corneal ulcers 
should not be regarded as a simple task. Optimal treatment aims at maximising the 
chances of complete recovery by identifying the exact aetiology and then instituting 
a tailored treatment.

Key Points
• Microbial keratitis is a frequent cause of corneal emergency. Appropriate and 

timely intervention can salvage visual and structural integrity.
• The incidence of microbial keratitis varies according to geographical location, 

climatic conditions and socio-economic status.
• Meticulous history, clinical examination, microbiological evaluation and knowl-

edge of pre-disposing factors, are crucial in management.
• Knowledge about morphological patterns is an important diagnostic differentia-

tor in arriving at a provisional diagnosis of probable pathogen.
• Bacterial keratitis is the most common form of microbial keratitis accounting for 

more than 90% of cases, while fungal keratitis contributes maximally to the bur-
den of corneal perforations.
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• HSV keratitis is by far the most under diagnosed and an equally challenging 
entity, both from diagnostic and therapeutic perspectives.

• Acanthamoeba keratitis is commonly associated with contact lens wear and is 
particularly difficult to treat. It may mimic HSV keratitis and demands a high 
degree of suspicion for timely diagnosis.

• Pythium insidiosum keratitis is usually associated with poor response to medical 
treatment. Therapeutic keratoplasty is indicated early, however, recurrence of 
infection in graft is not uncommon.

• Descemetocele, corneal perforation, sloughing, toxic epitheliopathy, neuro-
trophic ulcer, corneal abscess and corneal fistula are commonly encountered cor-
neal emergencies associated with microbial keratitis.
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8Corneal Perforations

Amar Bhat and Vishal Jhanji

8.1  Introduction

Corneal perforations are emergencies that require prompt diagnosis and treatment. 
Corneal perforation is a full-thickness defect of the cornea that can arise from myr-
iad causes. Corneal perforations can lead to significant ocular morbidity and pre-
vention of perforation in at-risk eyes is of utmost importance. Corneal perforations 
can be broadly grouped into two categories: traumatic and non-traumatic. Traumatic 
causes of corneal perforation include penetrating trauma, chemical burns, surgical 
complications, and thermal injury. Traumatic corneal perforations are often ame-
nable to surgical repair. Non-traumatic causes are varied and will be the focus of 
this chapter. Etiologies of non-traumatic corneal perforation can further be catego-
rized into infectious and non-infectious causes. Non-infectious perforations can be 
secondary to autoimmune or inflammatory conditions, corneal degenerations or 
ectasia, ocular surface disease, neurotrophic keratopathy, or toxic causes.

8.2  Pathophysiology of Corneal Perforations

Most corneal perforations require epithelial defects to begin the process of corneal 
melting, or keratolysis. The process of keratolysis usually involves proteolytic 
enzymes such as matrix metalloproteinases that lead to the breakdown of the cor-
neal stroma [1]. Occasionally, significant stromal lysis will lead to a descemetocele, 
where the remaining Descemet’s membrane and endothelium begin to bulge for-
ward. Descemetoceles can easily rupture with minimal trauma or straining, so 
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counseling and prophylactic treatment are important if descemetoceles are noted on 
examination.

Owing to a multitude of natural defense mechanisms, the ocular surface is gener-
ally resistant to infection. The combination of the innate plus adaptive immune sys-
tem and the anatomically protective ocular surface contribute to the eye’s natural 
resilience [2]. Tears flush the eye of pathogens and contain protective components 
like immunoglobulins, lysozyme, and lactoferrin [3, 4]. The normal flora of the 
ocular surface may serve a protective role by secreting antibiotic-like substances or 
acidic metabolic waste products [5]. Eyes with a deficient corneal environment are 
at higher risk to develop microbial keratitis and hence, corneal perforation [6]. 
Ocular surface pathology in general also may contribute to collagenase activity that 
may lead to stromal melting [7].

8.3  Clinical History

Eliciting a good history from a patient is of paramount importance, as the clinical 
history may suggest a diagnosis that can guide treatment. In addition to determining 
the patient’s symptoms (as discussed below), the provider should also discuss key 
aspects of the patient’s medical and ocular history. Specifically, one should inquire 
about contact lens use, ocular trauma, prior eye surgery, eye drop use, prior herpetic 
infections, and dry eyes. Additionally, systemic history discussion should be tai-
lored to the patient. For autoimmune corneal perforations, this may include history 
of joint pain, rashes, cold sores, dry mouth, immunosuppression, and family history 
of rheumatologic conditions. Diabetes is important systemic comorbidity to inquire 
about; not only may it contribute to neurotrophic keratopathy, but their blood sugar 
control may be affected if starting systemic steroids in autoimmune keratitis.

8.4  Symptoms

Patients with a corneal perforation most commonly report symptoms of pain, vision 
loss, redness, and tearing. Vision loss is the most often reported symptom. Typically, 
the “tearing” is an egress of aqueous fluid that the patient interprets as excessive 
tearing. Symptoms vary from patient to patient as the location and type of pathology 
may prevent the development of some symptoms. For example, a patient with a 
slow leak, a small peripheral perforation, and a deep chamber may be relatively 
asymptomatic. Additionally, patients with neurotrophic keratopathy may lack the 
pain that patients with normally innervated corneas may feel.

8.5  Signs

Corneal perforations often will display the same telltale signs in many eyes, but the 
entire anterior segment examination may help differentiate from the multitude of 
causes of corneal perforation. Prior to perforation, a cornea may display progressive 
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corneal thinning. Understanding the potential causes of progressive corneal thin-
ning may help guide treatment, so the examiner should assess for severity of thin-
ning, active infection, inflammation, or prominent dryness (Fig. 8.1). The presence 
of an infiltrate and hypopyon could suggest an infectious cause (or less likely an 
inflammatory cause) (Fig. 8.2). Peripheral thinning and perforation can suggest an 
autoimmune etiology, especially if the contralateral eye has signs of peripheral cor-
neal thinning. Lid function is important to assess, as exposure to keratopathy from 
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lagophthalmos can put a desiccated cornea at risk of perforation. Corneal hypoes-
thesia in addition to dryness would suggest neurotrophic keratopathy as a contribut-
ing factor.

A corneal perforation itself is best observed with a Seidel’s test, the suspected 
area has fluorescein applied and is subsequently observed under the cobalt blue fil-
ter of a slit lamp for a leak. A positive Seidel test will appear as blue fluid moving 
down the cornea through the green-appearing tear film. Some corneal perforations 
may not have an obviously positive Seidel test. In cases where the perforation is 
suspected but the initial Seidel test is not conclusive, one can apply gentle pressure 
to the globe to see if a fluid egress can be elicited.

Other common signs in corneal perforation can include low intraocular pressure 
(IOP), a shallow or flat anterior chamber, and pigmentation at the wound. In prac-
tice, measurement of intraocular pressure is often deferred to prevent excessive 
pressure on the globe that could result in further outflow of aqueous fluid. If per-
formed, rebound tonometry may be a safer option of IOP measurement compared to 
applanation tonometry since less pressure is exerted onto the globe. Pigmentation at 
the suspected area of the cornea is also suggestive of corneal perforation, as it indi-
cates that iris likely made contact with that area of the cornea at some point. The 
presence of iris incarceration would be a more obvious sign of corneal perforation, 
and an iris plug may also result in a negative Seidel test.

8.6  Workup

The workup for any corneal perforation will depend on the constellation of history, 
signs, and symptoms. In a patient with concurrent infectious keratitis, gentle scrap-
ing and culture of the lesion should be performed to determine the infectious agent. 
The provider should submit to microbiology slides for Gram and Giemsa stains, 
plates of blood, chocolate, and Sabouraud dextrose agar for cultures, and 

Fig. 8.2 Slit lamp picture 
of paracentral bacterial 
corneal ulcer with 
2 × 2 mm perforation in 
centre
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thioglycolate broth. Drug sensitivities should be checked in the case of recalcitrant 
infectious keratitis and due to the increasing prevalence of methicillin-resistant 
Staphylococcus aureus. Calcofluor white can also be used to test for both fungi and 
Acanthamoeba. Plating on non-nutrient agar with E. coli overlay should be consid-
ered if the pre-test probability of Acanthamoeba is high. Suspected cases of herpes 
simplex or herpes zoster keratitis can have swabs taken for polymerase chain reac-
tion (PCR), though clinical diagnosis alone may be sufficient for these. In contact 
lens wearers, contact lenses and cases should also be submitted to microbiology if 
available. Empiric therapy should be started prior to getting any culture results back.

Systemic workup (and later, treatment) can be co-managed by the patient’s pri-
mary medical doctor or other specialists (most often a rheumatologist). Workup can 
be initiated when clinical suspicion of systemic autoimmune disease is high; this 
may include rheumatoid factor, SS-A and SS-B, ANA, ANCA, chest X-ray, ACE, 
RPR/FTA-ABS, or tuberculosis screening.

8.7  Causes of Corneal Perforations

8.7.1  Infectious Corneal Perforations

Bacterial, fungal, and viral keratitis have all been observed to cause corneal perfora-
tions. Severe infectious keratitis that is slow to or fails to respond to medical therapy 
is a common cause of corneal perforation. Infectious keratitis often results in stro-
mal destruction of proteolytic enzymes, though direct destruction of infected kera-
tocytes by cytotoxic T cells has also been reported in mice with herpetic 
keratitis [8–10].

8.7.1.1  Bacterial Keratitis
Bacteria is a common cause of infectious corneal perforations [11]. Although 
most bacteria require an epithelial defect to trigger the inflammatory cascade, 
some bacteria are reported to invade intact epithelium: Neisseria gonorrheae and 
meningitidis, Haemophilus aegyptius, Shigella species, Corynebacterium diph-
theriae and Listeria species (mnemonic: No Hard or Soft Contact Lenses). Once 
bacteria have bypassed the epithelium, pro-inflammatory cytokines lead to 
increased polymorphonuclear cell (PMN), macrophage, and T cell activity. Even 
with the appropriate treatment of bacteria, the abundance of cytokines can lead to 
progressive corneal thinning, melting, and perforation. Proteolytic activity from 
collagenases can be increased during infection from certain bacteria, most notably 
Pseudomonas.

8.7.1.2  Fungal Keratitis
Fungal keratitis can be a potentially devasting condition, but its incidence has fortu-
nately decreased over recent decades [12]. Fungal keratitis is more common in the 
developing world; climate and location play a role in fungal keratitis risk. Ocular 
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trauma, especially with the vegetative matter, is another important risk factor in the 
development of fungal keratitis. While most fungal keratitis is secondary to filamen-
tous fungi, immunocompromised patients may be more prone to yeast keratitis. 
Fungal keratitis often develops slower than bacterial keratitis, and low ocular pen-
etration of antifungal therapy makes fungal keratitis more difficult to treat. Treatment 
failure rate is significantly high in fungal keratitis, with approximately a third of 
primary treatments failing [13]. The high rate of treatment failure leads to a high 
perforation rate and hence, the need for surgical intervention. Fusarium species was 
classically considered to cause fulminant keratitis that is high risk for perforation, 
though recent studies in India have demonstrated a higher risk with Aspergillus 
keratitis [14].

8.7.1.3  Viral Keratitis
Corneal perforations from viruses primarily are attributed to herpetic eye disease, 
classically herpes simplex virus (HSV) and varicella zoster virus (VZV) keratitis. 
Perforation may occur as a result of stromal destruction from activated lympho-
cytes, and active viral replication need not be present [9, 15]. Recurrent infections 
will prompt additional immune responses that can lead to further stromal destruc-
tion and corneal thinning, putting the eye at increased risk for perforation [16]. 
Neurotrophic keratopathy and persistent epithelial defects are additional risk factors 
for perforation that can be seen after HSV and VZV keratitis.

8.7.2  Non-Infectious Corneal Perforations

Non-infectious corneal perforations can be secondary to myriad causes and can be 
difficult to treat depending on the etiology. Causes include autoimmune or inflam-
matory conditions, corneal degenerations or ectasia, ocular surface disease, neuro-
trophic keratopathy, or toxic injury.

8.7.2.1  Autoimmune Conditions
Multiple autoimmune conditions that affect the cornea can predispose a cornea to 
perforation by way of causing corneal melting and/or peripheral ulcerative keratitis 
(PUK). These conditions include (but are not limited to): rheumatoid arthritis, gran-
ulomatosis with polyangiitis (GPA), temporal arteritis, polyarteritis nodosa, inflam-
matory bowel disease, systemic lupus erythematosus, Churg Strauss syndrome, 
relapsing polychondritis, and sarcoidosis [17]. Rheumatoid arthritis has been the 
most frequently reported cause of PUK, a rare inflammatory condition involving the 
juxta limbal cornea and sclera. Keratolysis in PUK may be due to the elevated 
matrix metalloproteinase-1 (MMP-1) to tissue inhibitor (TIMP-1) ratio [18]. A sim-
ilar condition exists called Mooren’sulcer; Mooren’s ulcer is considered idiopathic 
(though helminth and hepatitis C associations have been reported), and sclera is 
usually not involved. The presence of a non-infectious corneal melt with a suspected 
autoimmune cause should always prompt systemic workup, as an untreated sys-
temic disease may be a cause for patient mortality.
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8.7.2.2  Ocular Surface Disease
Conditions that disrupt the natural protective barriers of the ocular surface will pre-
dispose the cornea to keratolysis, thinning, and potentially perforation. Dry eye syn-
drome can contribute to poor healing of the ocular surface and hence increase the 
probability of corneal perforation. The cause of dryness should be investigated, as 
exposure to keratopathy or toxic surface disease from eye drops (medicamentosa) 
may be quickly treatable. Corneal melts have been seen with both topical nonsteroi-
dal anti-inflammatory drug (NSAID) use and topical anesthetic abuse.

Neurotrophic keratopathy is another cause of ocular surface disease, as the 
change in neuromodulator levels on the ocular surface results in abnormal epithelial 
healing and metabolism [19]. Early recognition of neurotrophic keratopathy is 
important, as protective responses of the eye (blinking and reactive ptosis) may be 
blunted, leading to desiccation of the cornea and accelerated keratolysis. If corneal 
hypoesthesia is noted, one should inquire about prior herpetic infection, prior eye 
surgery, topical medication use, and history of diabetes.

8.7.2.3  Corneal Degenerations or Ectasias
Corneal degenerations and ectasias may result in profound corneal thinning that 
increases the risk of corneal perforation with minimal trauma. Keratoconus, pellucid 
marginal degeneration, post-LASIK ectasia, and Terrien’s marginal degeneration have 
all been seen in conjunction with corneal perforations. When severe thinning is noted 
in patients with these conditions, patients should be discouraged from rubbing their 
eyes and to generally be cautious with their eyes to prevent a corneal perforation.

8.8  Management of Corneal Perforations

Treatment of corneal perforations is varied and depends on multiple factors, includ-
ing the cause and size of perforation (Fig. 8.3). The management can be broadly 
categorized into non-surgical and surgical treatment. Non-surgical treatment varies 
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from medical treatment such as antibiotics and antivirals to placement of bandage 
contact lenses. Surgical treatment includes placement of amniotic membranes, cor-
neal gluing, conjunctival flaps, and corneal transplantation. Many of the non- 
surgical treatments discussed below are to help decrease the chance of perforation 
in patients at risk. Often times, the surgical and non-surgical treatments described 
may be useful in delaying, but not preventing, future keratoplasty.

8.8.1  Non-surgical Treatment

Non-surgical treatment of corneal perforations is primarily directed at treating the 
underlying cause of the perforation. Infectious keratitis requires timely medical 
treatment prior to surgical intervention, as surgical intervention will be more suc-
cessful in an eye with a fully treated infection.

8.8.1.1  Lubricating Treatments

Indication
Aggressive lubrication is often required to prevent a perforation in cases where 
corneal desiccation is the primary driving force behind keratolysis. Maintenance of 
a consistent tear film is important in corneal healing. In exposure keratopathy and 
neurotrophic keratopathy, where corneas may not receive adequate coverage and 
lubrication from the eyelid, aggressive lubrication is an important step in preventing 
further corneal thinning. Therapies to lubricate the cornea can work via three differ-
ent routes: increase the body’s production of tears, decrease the outflow of tears, or 
supply lubrication from an external source (artificial tears, for example).

Technique
The most common first treatment involves supplying topical lubrication through 
artificial tears, gels, or ointments. Patients with good vision in the affected eye may 
prefer eye drops to gels or ointments but must be counseled that drops have to be 
used much more often. Drops should be used every 1–2 h, and hence should be 
preservative free to prevent secondary toxicity from preservatives. In contrast, gels 
can be used once every 2–4 h, and ointments can be used every 2–12 h depending 
on the severity of the disease. Gel or ointment should be used at night time to pre-
vent overnight dryness, especially in cases with lagophthalmos or floppy eyelid 
syndrome. Autologous serum tears are another great option for providing lubrica-
tion as well as nutrients to the cornea that may accelerate healing—autologous tears 
are often started every 2–4 h initially, and preservative-free tears can be used as 
needed between serum drop administration.

Decreasing tear outflow is primarily accomplished with punctal plugs and punc-
tal cautery. Temporary or dissolvable punctal plugs are usually a fair first option for 
treatment, though patients with very severe disease may prompt the physician to 
start with permanent plugs. Punctal cautery or surgical closure of puncta are other 
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options in severe disease but may also be used when patients cannot receive plugs 
due to unique anatomical considerations or from adverse effects from plugs such as 
canaliculitis.

Increasing tear production in the short term is difficult to accomplish as topical 
formulations of cyclosporine A and lifitegrast take may take months to increase tear 
production. However, cyclosporine is also a steroid-sparing anti-inflammatory med-
ication that may help prevent a perforation in certain inflammatory conditions by 
immunosuppressive mechanisms.

8.8.1.2  Antimicrobials

Indication
The presence of significant thinning in the setting of bacterial keratitis should 
prompt early and aggressive antibiotic therapy to decrease the bacterial load. 
Proliferation of bacteria can allow further collagenase and hence keratolytic 
activity.

Technique
Topical fourth-generation fluoroquinolone monotherapy (moxifloxacin 0.5%, fre-
quency may vary between hourly around the clock to four times a day) is often suf-
ficient for many cases of bacterial keratitis, including methicillin-resistant 
Staphylococcal aureus (MRSA) keratitis; however, escalation to fortified antibiotics 
should not be delayed if there is a poor clinical response to the fluoroquinolone [20]. 
Drug sensitivities from corneal cultures are of great importance if the ulcer is recal-
citrant so that therapy can be adjusted as needed.

Antiviral treatment is primarily used in cases where herpetic stromal keratitis is 
suspected. Acyclovir (400–800 mg five times daily) and valacyclovir (500–1000 mg 
three times daily) are commonly used oral antivirals to treat active herpetic infection 
and decrease recurrences of herpes simplex keratitis. Topical antiviral formulations 
include trifluridine eye drops and ganciclovir gel (ganciclovir gel 0.15% five times 
daily); the primary limitations of these are toxicity of trifluridine and cost or avail-
ability of ganciclovir gel. More aggressive antiviral treatment should be considered 
in cases of necrotizing herpetic stromal keratitis. In necrotizing herpetic stromal 
keratitis, active viral replication is suspected to be present, and hence suppression of 
viral replication with antivirals is critical to minimize the risk of perforation. 
Antifungal and antiparasitic treatments are typically not empirically initiated unless 
there is a very high index of suspicion or if previous antimicrobial treatment 
has failed.

8.8.1.3  Anti-collagenases

Indication
Progressive keratolysis is often secondary to activated collagenases, so retarding or 
halting collagenase activity could help prevent a perforation in some patients.
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Technique
Oral doxycycline (100 mg twice daily) is the most commonly prescribed medica-
tion that has anti-collagenase activity by exerting its effect on matrix metallopro-
teinases by chelating metal ions [21]. Some success has been seen using oral 
doxycycline to stabilize epithelial breakdown and prevent subsequent perfora-
tion [22]. Although not commonly used, topical acetylcysteine and ethyl enedi-
amine tetraacetic acid (EDTA) have also been found to inhibit collagenase 
activity and may have some role in delaying or preventing corneal perforation 
[23, 24].

8.8.1.4  Aqueous Suppressants

Indication
Aqueous suppressants should be reserved for small (<0.5 mm) or self-sealing cor-
neal perforations where re-epithelialization and closure of the perforation can occur 
quicker.

Technique
In patients with a formed anterior chamber, the combination of a bandage soft con-
tact lens and a topical or systemic aqueous suppressant may promote wound healing 
and decrease efflux of intraocular contents through the perforation. Commonly used 
topical aqueous suppressants for corneal perforation include: timolol 0.5% twice 
daily, or once daily if gel-forming solution; brinzolamide 1% twice daily; dorzol-
amide 2% twice daily.

Systemic aqueous suppression can be achieved using acetazolamide extended- 
release capsules (500 mg twice daily) or, if not extended release, acetazolamide 
tablets (250–500 mg four times daily). If using systemic aqueous suppression with 
acetazolamide, additional topical carbonic anhydrase inhibitors (brinzolamide and 
dorzolamide) are unlikely to help further.

8.8.1.5  Anti-Inflammatories

Indication
Primary inflammation of the cornea or inflammation in the cornea secondary to the 
original insult contributes to keratolysis and the risk of perforation.

Technique
In bacterial keratitis, it is appropriate to start topical corticosteroids if the cultures 
were done and the organism and its drug sensitivities have been identified. Typically, 
corticosteroids should only be started at least 2 days after the appropriate antimicro-
bial has been started. Choice of steroid may vary depending on concurrent risk fac-
tors and severity of inflammation. Fluorometholone (0.1% or 0.25%) or loteprednol 
(0.38% or 0.5%) may be used when there is a history of steroid-induced ocular 
hypertension and the inflammation is not aggressive. Prednisolone acetate 1% used 
four times daily is a common first-line therapy. More frequent use of prednisolone 
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(i.e., every 2 h) or more potent steroids such as Difluprednate 0.05% (4–6 times 
daily) can be considered when inflammation is severe or recalcitrant. Steroids 
should be tapered when inflammation has subsided; a weekly taper is commonly 
done, though slower tapers may be necessary if inflammation recurs.

Active herpes simplex epithelial keratitis is a contraindication to starting topical 
corticosteroids; however, topical corticosteroids in herpes simplex stromal keratitis 
helps shorten the duration and slows the progression of keratitis [25]. Contact lens 
wear or trauma with the vegetative matter may hint at potential fungal keratitis 
where topical corticosteroids should be avoided.

In contrast, primary inflammatory conditions of the cornea may prompt early 
anti-inflammatory therapy. Conditions such as Mooren ulcer and peripheral ulcer-
ative keratitis may benefit from early steroid treatment even in the presence of an 
epithelial defect. Antibiotic coverage is often prescribed simultaneously as a safety 
measure to prevent subsequent infection. Systemic steroids may also be necessary 
for some recalcitrant noninfectious inflammatory conditions.

Systemic immunosuppression in the form of steroid-sparing agents is warranted 
in patients that require maintenance therapy to prevent “flare-ups.” Oral cyclospo-
rine A has also been used with success in peripheral ulcerative keratitis [26]. Topical 
cyclosporine A 2% and 0.5% has been reported in some studies to help stop kera-
tolysis with corneal inflammation in collagen vascular diseases [27].

8.8.1.6  Bandage Contact Lens
Bandage contact lenses play an important role in both the prevention and treatment 
of many types of corneal perforations. They may be placed when there is an impend-
ing perforation, as a safeguard while the primary pathology is being treated. They 
may also supplement therapies such as amniotic membranes or gluing. Finally, for 
small perforations (<0.5 mm), the combination of a bandage contact lens with aque-
ous suppressants may be sufficient to treat the perforation.

8.8.2  Surgical Treatment

Other than keratoplasty, most of the below surgical treatments are aimed at delaying 
corneal transplantation or preventing a perforation. Surgical treatment includes cor-
neal gluing, amniotic membranes, conjunctival flaps, tarsorrhaphy, tenon’s patch 
graft, and keratoplasty.

8.8.2.1  Corneal Gluing

Indication
The primary benefit of corneal gluing is its ability to delay the need for corneal 
transplantation in perforations <3 mm in size. (Fig. 8.4) Delaying corneal transplan-
tation allows surgery to be performed on an eye that is less inflamed or with a lower 
infectious burden on the cornea. Differences between the two most common types 
of corneal glue (cyanoacrylate and fibrin) are discussed below.
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Technique
Various successful techniques for gluing the cornea have been described. In gen-
eral, the surgeon should first dry the wound and then use as little glue as possible 
to seal the wound and stop the leak. The wound must be dried well prior to appli-
cation of the glue, as moisture in the wound greatly decreases the adhesion of the 
glue. Care must be taken to not drop any additional cyanoacrylate glue onto the 
conjunctiva or eyelids, as this can lead to significant irritation. Using a minimal 
amount of glue is important for multiple reasons: (1) glue that bulges anteriorly 
may cause more foreign body sensation and may be more prone to becoming dis-
lodged; (2) glue does not adhere well to epithelium, so if too much glue is applied, 
great adhesion may not be obtained if the outer ring of glue is touching epithe-
lium; (3) if too much glue is used and becomes dislodged, repeated applications 
may destabilize the wound, worsen the epithelial defect, or even increase the size 
of the perforation.

One technique for gluing involves the use of a sterile disposable drape. Gluing 
should be performed in sterile conditions, and a microscope is beneficial for visual-
ization. A dermatological punch can be used to punch out a disc from a sterile dis-
posable drape—usually a 2 mm punch is sufficient, but this can be adjusted based 
on the size of the perforation. This disc can then be placed on top of a cellulose eye 
spear or cotton tip applicator that has a small amount of sterile ophthalmic ointment 
on it. Once this has been prepared, attention can be turned to the eye. After topical 
anesthesia is obtained, a non-compressing lid speculum should be placed in the eye. 
Cellulose eye spears or jewelers forceps can be used to carefully debride 1–2 mm of 
epithelium around the perforation to improve adhesion. Vitreous should be cut if 
present at the wound. The wound should be dried completely using the cellulose eye 
spear or cotton tip applicator. Depending on the stability of the globe, any incarcer-
ated tissue in the wound can be separated from the wound using air, viscoelastic 
devices, or simply mechanical separation. One small drop of adhesive can then be 
placed on the dry side of the previously made disc of sterile drape. The attached 
cotton tip applicator or cellulose eye spear can then be used to place the disc onto 

Fig. 8.4 Slit lamp picture with central perforation. Note the Cyanoacrylate glue in situ with 
bandage contact lens
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the cornea, with the glue facing the perforation. Polymerization can occur in sec-
onds to minutes. The wound can be re-checked for a leak at this point; if still leak-
ing, the glue can be revised or replaced at this time. Once the glue has solidified, a 
bandage contact lens can be placed over the eye. The patient should be checked at 
least 30 min after the procedure to check the positioning of the glue and deepening 
of the anterior chamber.

Outcomes
An early study of corneal gluing noted lower enucleation rates in non-traumatic 
corneal perforations compared to treatment with other modalities [28]. Despite the 
efficacy in stopping leaks, corneal glue is primarily a temporizing treatment [29]. 
Glue may be the definitive treatment in small, peripheral perforations, but most 
patients with central perforations will still require keratoplasty in the future. If glue 
fails to seal the wound, then repeat gluing or therapeutic keratoplasty may be the 
next step. One study demonstrated poor success (37% of eyes) of gluing in herpetic 
keratitis perforations, but gluing is still a valid first surgical management even for 
such eyes [8].

The two most common glues used in corneal perforations are cyanoacrylate glue 
and fibrin glue. Cyanoacrylate glue is nonbiodegradable, resulting in a longer pres-
ence on the cornea, and has some bacteriostatic properties, which may help its effi-
cacy in perforations in bacterial keratitis. Due to its rough edges that do not degrade 
and smoothen over time, cyanoacrylate glue leads to increased foreign body sensa-
tion after it falls off. Additionally, cyanoacrylate glue has been reported to be pro- 
inflammatory, sometimes inducing necrosis and neovascularization of the cornea. 
Other complications that have been reported in association with cyanoacrylate glue 
include cataract, glaucoma, worsening of keratitis, and symblepharon, among oth-
ers [30].

In contrast, fibrin glue (containing fibrinogen and thrombin) is both biodegrad-
able and biocompatible, resulting in faster healing of the cornea. Minimal adverse 
reactions and inflammation have been seen with fibrin glue. Due to its biocompati-
bility, fibrin glue may also be injected intracamerally to help seal defects without 
apparent toxicity [31].

Potential downsides to fibrin glue include the shortened duration of the glue on 
the cornea (as it dissolves over time), the lack of bacteriostatic properties, and a 
significantly longer time for adhesive plug formation [32]. For defects up to 2 mm, 
the efficacy of fibrin glue appears similar to cyanoacrylate glue; for defects between 
2 and 3 mm, cyanoacrylate glue appears superior. Fibrin glue has also been success-
fully used in conjunction with amniotic membrane transplantation, discussed later 
in this chapter.

8.8.2.2  Tenon’s Patch Graft
Tenon’s patch graft is an effective technique to manage corneal perforations between 
3 and 6 mm in size using autologous Tenons tissue. A thin layer of Tenon’s layer is 
harvested from the patient’s own eye which is used as a scaffold to close the perfora-
tion (Fig. 8.5).
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Technique
Tenons capsule can be harvested about 2 mm posterior to the limbus. The superficial 
conjunctiva in the inferonasal or inferotemporal quadrant about 2 mm behind the 
limbus is incised to expose the underlying Tenon’s capsule. The desired size of 
Tenon’s capsule is excised and placed out on a flat plate. The graft should be slightly 
oversized than the corneal defect. Any debris over the corneal surface and surround-
ing the corneal perforation is cleared off followed by removing about 2 mm of epi-
thelium around the perforation.

The Tenons graft is placed over the perforation and overlapping the edges of the 
corneal defect. If the edges of graft get rolled at the margin, they can be teased to 
open with the help of blunt cannula. The graft can be adhered to the application site 
with the help of fibrin glue or by 10’O suture. Cyanoacrylate glue is applied to the 
edge of the graft followed by putting a bandage contact lens over the surface.

8.8.2.3  Keratoplasty

Indication
Corneal transplantation is the definitive treatment for the majority of perforations, 
and therapeutic keratoplasty may be indicated in large perforations (>3 mm) that 
may not be amenable to gluing. The size and location of the perforation along 
with the underlying corneal pathology will dictate what method of keratoplasty 
may be best for the situation. Keratoplasty can be penetrating (full-thickness) or 
lamellar (partial thickness), small diameter (tectonic or patch graft) or large diam-
eter, central or peripheral, and therapeutic (provide stabilization of globe or 
decrease infective burden) or optical (to improve vision). Graft survival and clar-
ity is improved if surgery could be delayed for both traumatic and infectious per-
forations [33].

a b

Fig. 8.5 Slit lamp picture (a) showing leucomatous corneal opacity with central perforation sized 
2 * 3 mm with sutured Tenon’s patch graft in situ. Subsequent postoperative picture (b) showing 
healed perforation with the formation of vascularised leucomatous corneal opacity. (Image cour-
tesy Dr. Prafulla K Maharana; RP Centre for Ophthalmic Sciences AIIMS New Delhi)
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Technique
This chapter will not focus on in-depth techniques of keratoplasty in general, but 
rather some pearls to consider when planning for or performing keratoplasty on 
eyes with corneal perforations.

Lamellar keratoplasty is typically preferred over penetrating keratoplasty in 
cases of descemetocele or 2–3 mm size perforations. Partial thickness transplanta-
tion avoids the potential risk of endothelial rejection, which is often a harbinger of 
failure in keratoplasty. Penetrating keratoplasty may be essential for large (>2–3 mm) 
perforations, small perforations with surrounding tissue necrosis, or for significant 
infectious keratitis. Preservation of the patient’s limbus is critically important. 
When a large portion of the cornea is affected by the pathology, the surgeon should 
ideally preserve at least a portion of the host limbus. This may require grafting off- 
center so that the area with more pathology can be covered to the limbus, while the 
unaffected side retains its limbus.

Tectonic keratoplasties, or patch grafts, can be temporizing or definitive treat-
ments depending on the pathology (Figs. 8.6 and 8.7). In a small peripheral perfora-
tion, patch grafts are more likely to serve as a definitive treatment. Some peripheral 
corneal issues may require a crescentic graft rather than a circular graft. Tectonic 
keratoplasties can be lamellar or penetrating and have even been used to patch areas 
of scleral thinning. In central perforations, patch grafts are usually temporary until 
a later optical penetrating keratoplasty can be performed when the eye is stable and 
quiet. Because tectonic grafting is typically performed as a temporizing measure or 
for peripheral defects, surgeons have the choice to use grafts that are preserved dif-
ferently. Traditional corneal grafts are preserved in media such as Optisol; however, 
glycerin-preserved, cryopreserved and gamma-irradiated corneal tissue can be used 
in tectonic grafting. These alternative methods of preservation allow the use of 

Fig. 8.6 Slit lamp picture 
showing peripheral patch 
graft done in corneal 
perforation secondary to 
peripheral ulcerative 
keratitis
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otherwise nonviable tissues (i.e., without fresh endothelium) and allows prolonged 
storage of the tissues for use in emergency surgery [34].

During surgery, the corneal button excision should remove all necrotic or dis-
eased tissue, but in some cases this may not be possible. Care should be taken to 
debride any additional necrotic or melting corneal tissue outside of the trephinated 
area, as this will decrease the stability of sutures over time. Ideally, suture passes 
may need to incorporate sclera if the pathology is near the limbus and the peripheral 
cornea’s integrity is diminished. If scleral bites are needed for stability, peritomy 
prior to passing those sutures should be performed so that appropriate suture tension 
can be achieved.

In eyes that have already perforated that are not holding pressure, it may be dif-
ficult to trephinate into the cornea. Viscoelastic can be injected into the anterior 
chamber to provide some intraocular pressure to trephinate and cut against; alterna-
tively, fibrin glue has been injected intracamerally to provide stabilization during 
trephination [35].

Outcomes
Although emergent therapeutic keratoplasty can help stabilize the globe and poten-
tially prevent enucleation or evisceration, the optical outcome and survival of these 
grafts is inferior to those when keratoplasty could be safely delayed. A second kera-
toplasty is often necessary after an emergent therapeutic keratoplasty to provide the 
desired optical outcome.

Some complications from keratoplasty include persistent epithelial defects, cata-
ract, ulceration, epithelial keratopathy, and graft rejection. There is always a possi-
bility of the need for repeat keratoplasty or other surgery, though this risk is increased 
in eyes that underwent urgent or emergent (rather than delayed) keratoplasty.

8.8.2.4  Amniotic Membranes

Indication
Amniotic membrane transplantation has proven to be an efficacious way to treat 
small corneal perforations since it was first used to treat epithelial defects in 1997 
[36]. Amniotic membranes are rich in growth factors and cytokines that are thought 

Fig. 8.7 Total penetrating keratoplasty done in sloughing corneal ulcer involving more than 
three quarters of the cornea
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to promote healing and they have been used to treat numerous ocular surface disor-
ders (Fig. 8.8). Although often reserved for smaller defects, some amniotic mem-
brane transplantation techniques have been successful in treating perforations up to 
2–3 mm in diameter. Amniotic membranes come in fresh frozen and dry preserved 
variants.

Technique and Outcomes
Numerous surgical techniques have been described since the introduction of amni-
otic membranes as treatment for corneal perforations. As surgical techniques have 
been refined, amniotic membrane transplantation procedures have been reported to 
be very successful in perforations <3  mm. A 2016 study described a technique 
where 100% of corneal perforations (46 eyes) up to 3 mm in diameter were success-
fully treated [37]. The techniques suggested by the author vary depending on the 
size of the perforation. In larger perforations, a 2x4 mm rectangle is amniotic mem-
brane is rolled up and plugged into the wound, and then another bilayered (folded 
onto itself) amniotic membrane is placed on top of the roll, with the epithelial side 
up. This bilayer membrane is sutured into place with interrupted 10-0 nylon sutures. 
A large amniotic membrane is sutured into position over the entire cornea using 
running 10-0 nylon sutures. Finally, 0.3 mL of 20% perfluoropropane (C3F8) is then 
injected intracamerally to reform the anterior chamber. For smaller perforations, the 
roll of the amniotic membrane is pushed into the defect and sutured using cross- 
stitch fixation. A similar technique using fibrin glue to help the amniotic membrane 
adhere was successful in repairing perforations up to 2 mm in diameter with overly-
ing ulcers ranging from 2 to 5 mm in diameter [38].

8.8.2.5  Conjunctival Flaps
A multitude of conjunctival flaps have been used in eyes with corneal perforation or 
progressive corneal thinning, and their overall efficacy depends on the location of the 
perforation. Pedicle conjunctival flaps can be a useful technique for small, peripheral 
ulcers and perforations, as the overlying conjunctiva can provide serum growth 

a b

Fig. 8.8 Slit lamp picture (a) showing leucomatous corneal opacity with central perforation sized 
2 × 1 mm, managed with appropriately sized multilayered amniotic membrane graft in situ (b). 
(Image courtesy Dr. Prafulla K Maharana; RP Centre for Ophthalmic Sciences AIIMS New Delhi)
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factors to the cornea (via neovascularization) to facilitate healing. Covering the 
defect with the patient’s own conjunctiva also provides a fair amount of analgesia for 
the patient. Despite positive results in healing persistent defects and neurotrophic 
ulcers, or sealing small perforations, neovascularization will increase the risk of 
potential graft rejection if required in the future [39]. Additionally, large conjunctival 
flaps that cover a central defect, such as a Gundersen flap, may result in a poor cos-
metic result. For these reasons, conjunctival flaps for central perforations are less 
ideal than the aforementioned methods. Additionally, large conjunctival flaps that 
cover a central defect, such as a Gundersen flap, may result in a poor cosmetic result. 
Finally, in acutely worsening suppurative keratitis, perforations may continue to leak 
underneath the conjunctiva, increasing the risk for endophthalmitis and other com-
plications. Other potential complications include flap dislocation and perforation.

Key Points

• Corneal perforations can be secondary to traumatic, infectious, and non- 
traumatic/non-infectious causes.

• Keratolysis, or corneal melting, usually involves proteolytic enzymes such as 
matrix metalloproteinases that lead to the breakdown of the corneal stroma.

• Neurotrophic keratopathy is an underdiagnosed cause of ocular surface disease 
that can lead to corneal perforation if not detected early.

• Non-surgical management of corneal perforations may include antimicrobials, 
anti-collagenases, anti-inflammatories, aqueous suppressants, and bandage con-
tact lenses. Surgical management of corneal perforations may include gluing, 
keratoplasty, amniotic membrane, and conjunctival flaps.

• Cyanoacrylate glue is nonbiodegradable and has some bacteriostatic properties; 
however, it can cause foreign body sensation and is known to be pro- inflammatory. 
Fibrin glue is biodegradable and anti-inflammatory; limitations include a shorter 
duration of action, a longer time for plug formation, increased cost, and lack of 
bacteriostatic properties.

• A minimum amount of glue is required to seal a perforation; excessive glue can 
be irritating to the eye.

• Gluing is often a temporizing measure prior to keratoplasty, which is preferable 
to perform outside of the acute setting when the eye is less inflamed. Therapeutic 
keratoplasty is indicated in large perforations (>3 mm) that may not be amenable 
to gluing.

• Penetrating, lamellar, tectonic, and patch graft keratoplasties may all be used 
depending on the type, size, and location of perforation.
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9Emergencies in Corneal Refractive 
Surgeries

Sridevi Nair, Manpreet Kaur, and Jeewan Singh Titiyal

9.1  Introduction

Cornea-based refractive surgeries are one of the most commonly performed surgical 
procedures for the correction of myopia, hypermetropia and astigmatism. The 
safety, efficacy and predictability of these surgeries are well-established with high 
levels of patient satisfaction. Rarely, corneal complications and emergencies may be 
observed in the intraoperative or postoperative period that require urgent interven-
tion to prevent vision-threatening sequelae [1]. In this chapter we discuss the intra-
operative and postoperative emergencies observed in association with various 
corneal refractive procedures along with their management and prevention.

9.2  Intraoperative Corneal Emergencies

Intraoperative corneal emergencies may be related to the application of suction dur-
ing femtosecond-laser assisted refractive procedures, flap creation during laser- 
assisted in situ keratomileusis (LASIK), lenticule dissection during small-incision 
lenticule extraction (SMILE) or inadvertent corneal perforation during incisional 
surgeries or implant of intracorneal ring segments.
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9.2.1  Corneal Emergencies Related 
to Microkeratome-Flap Creation

Flap-related complications during LASIK are more commonly observed with the 
use of microkeratomes as compared with femtosecond laser. Free cap, incomplete 
flaps and buttonholes are corneal emergencies that may interfere with subsequent 
excimer laser ablation and adversely affect the anatomical integrity of the cornea 
and visual outcomes (Fig. 9.1) [1].

9.2.1.1  Incidence
An incomplete or partial flap formation is the most commonly seen intraoperative 
flap complication with an incidence ranging from 0.04% to 3.6% [2, 3]. The reported 
incidence of free caps during LASIK flap creation ranges from 0.08% to 4.9% [4]. 
Flap buttonholes are relatively uncommon and may be observed in 0.04–2.6% of 
cases [2, 3].

9.2.1.2  Risk Factors
Inadequate suction during the microkeratome pass may result in irregular flaps, but-
tonholes or free caps. Anatomical factors such as conjunctival chemosis, small pal-
pebral fissure with inadequate exposure and deep-set eyes predispose to 
suction-related complications during microkeratome-assisted LASIK. In addition, 
patient factors such as excessively anxious, non-cooperative patients and surgeon 
factors related to lack of expertise, incorrect placement of the suction ring or inad-
vertent release of suction may lead to suction loss [5]. Machine and microkeratome 

a

b
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Fig. 9.1 Schematic diagram depicting the intraoperative flap complications commonly seen while 
using the microkeratome to create the LASIK flap. (a) Intraoperative flap buttonhole. (b) Buckling 
of the cornea under the microkeratome blade resulting in a flap buttonhole. (c) Intraoperative free 
Cap. (d) Intraoperative incomplete flap
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malfunction including reduced motor power, blunt blades or jamming can predis-
pose to flap-related complications. Extremes of keratometry predispose to flap 
irregularities, with free cap observed with flat corneas and buttonholes observed 
with excessively steep corneas. In addition, dry ocular surface, larger diameter flaps 
and use of same microkeratome for second eye surgery can result in flap irregulari-
ties and complications [6].

9.2.1.3  Diagnosis
The diagnosis of flap buttonholes, free cap and incomplete flaps is established clini-
cally under the operating microscope. Flap buttonholes result from a superficial 
passage of the microkeratome blade which exits through the epithelium midway and 
appear as a doughnut-shaped flap. Incomplete flaps occur as a result of the micro-
keratome head not completing its full excursion. The flap appears smaller, with a 
hinge which is wider and situated closer to the centre than intended. A free cap may 
be observed lying on the corneal surface or jammed within the microkeratome blade 
head [1].

9.2.1.4  Treatment
Flap buttonholes, once detected, should not be lifted. The surgery is aborted, ban-
dage contact lens (BCL) is placed to allow corneal healing and retreatment may be 
planned after at least 3 months to allow for refractive stabilization [5]. In case the 
flap edges are misaligned, the flap should be refloated and repositioned without 
disturbing the central area of uncut corneal tissue to ensure proper alignment of the 
flap buttonhole with the uncut corneal tissue.

Incomplete flap with hinge in periphery may not adversely affect the completion 
of the surgical procedure, and excimer laser ablation may be performed in the same 
sitting, either by shielding the hinge while performing the ablation, decreasing the 
size of the treatment zone or manually completing the lamellar dissection of the flap 
[6]. There is an increased risk of irregular corneal astigmatism in these cases. In 
case of an incomplete flap with a hinge lying within the central 5–6 mm of the cor-
nea, the surgery should be aborted, flap carefully repositioned and retreatment 
planned after 3 months with a larger and thicker flap.

In patients with free caps, ablation may be performed if the area of the exposed 
stroma is larger than the intended optical zone (OZ). The cap is repositioned at the 
end of surgery, carefully aligned and a BCL is placed over the cornea. If the exposed 
stromal area is less than the OZ or the cap cannot be retrieved, the surgery is aborted, 
and retreatment planned after 3 months [7].

Customized ablation may often be required during retreatment owing to the sig-
nificant incidence of irregular astigmatism in these cases.

9.2.1.5  Prevention
Proper patient counselling helps to ensure compliance during surgery and prevent 
patient-related complications. Ocular surface should be adequately hydrated to pre-
vent dry spots. Flap creation may be avoided in cases with extremes of keratometry 

9 Emergencies in Corneal Refractive Surgeries



194

and a surface ablation may be preferred in those cases. Alternatively, femtosecond 
laser flaps may be created in difficult cases. Avoiding reuse of microkeratome 
blades, choosing an appropriately sized suction ring and regular servicing of the 
microkeratome to ensure proper functioning are essential to prevent machine- 
related complications.

9.2.2  Corneal Emergencies Related to Femtosecond-Laser 
Assisted Flap

Femtosecond laser is increasingly being employed to create corneal flaps during 
LASIK, owing to the enhanced predictability and safety. Flap irregularities, free 
caps and buttonholes conventionally observed with microkeratome-assisted flaps 
are not usually observed with femtosecond laser flaps; however, intraoperative com-
plications such as suction loss and vertical gas breakthrough may be observed and 
require urgent management.

9.2.2.1  Suction Loss

Incidence
Intraoperative suction loss during femtosecond laser application may be observed in 
0.2%–4.4% of cases undergoing LASIK which leads to incomplete formation of the 
LASIK flap [8].

Risk Factors
Risk factors for intraoperative suction loss include an uncooperative, anxious patient 
with excessive head movement or forceful squeezing lids. In addition, anatomical 
factors including small palpebral apertures, deep-set eyes and flat keratometry 
(K-readings <42.00 D) predispose to suction loss. Excessive fluid in the conjuncti-
val sac and improper placement of the suction ring can also interfere with adequate 
suction build-up and lead to complications [9].

Diagnosis
Intraoperative suction loss is observed as a halt of the femtosecond-laser raster pro-
gression with incomplete flap bed or side-cuts as a result of premature vacuum loss 
and separation of the applanation cone from the eye [8].

Treatment
The treatment strategy depends on the step at which suction loss occurred. When the 
suction loss occurs during the flap bed creation, it is advisable to reinitiate the treat-
ment from the start with the same settings. In cases where it occurs during the side- 
cut creation only the side-cut programme need be reactivated after reducing the flap 
diameter by 0.5–1 mm [9]. The surgeon can redock and retreat in the same sitting 
using a new suction ring and the same cone.
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Prevention
Preoperative patient counselling and adequate anesthesia ensure compliance 
during surgery and minimize complications related to patient movements. 
Preoperative testing and proper calibration of the machine is vital. Keeping the 
ocular surface optimally hydrated and maintaining adequate exposure of the eye 
is important.

9.2.2.2  Vertical Gas Breakthrough

Incidence
Femtosecond laser leads to the creation of cavitation bubbles at the site of laser 
application, which coalesce to form cleavage planes in the cornea. Vertical gas 
breakthrough occurs due to escape of cavitation gas bubbles from the intended laser 
dissection plane towards the subepithelial space and may be observed in 0.14% of 
cases undergoing LASIK (Fig. 9.2) [10].

Risk Factors
Thin flaps, stromal weakening or stromal scars at the level of the dissection plane, 
basement membrane dystrophy and focal defects in the Bowman’s membrane pre-
dispose to the development of vertical gas breakthrough [10].

Diagnosis
Full-thickness vertical gas breakthrough constitutes a corneal emergency as the air 
bubble appears between the epithelium and applanation interface as a black spot, 
resulting in focal areas of uncut flap. A small buttonhole may be seen in the area of 
gas breakthrough.

Management
In cases with significant full-thickness vertical gas breakthrough involving the cen-
tre, it is advisable to abort the surgery and perform a repeat LASIK with a deeper 
cut or surface ablation after 3 months. When the area of vertical gas breakthrough is 

a b

Fig. 9.2 (a) A schematic diagram depicting intraoperative vertical gas breakthrough (VGB) near 
the flap hinge (arrow). (b) Anterior Segment Optical Coherence Tomography showing a focal area 
of uncut flap corresponding to the location of the VGB (arrow)
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small and peripheral, one may attempt to lift the flap by dissecting around it and 
proceed with the stromal ablation; however, there is a future risk of epithelial 
ingrowth [10].

Prevention
Preoperative assessment of corneal thickness with anterior segment optical coher-
ence tomography (ASOCT) should be considered in cases such as corneal scars and 
basement membrane dystrophy to rule out corneal irregularities and focal thinning.

9.2.2.3  Flap Tears
Flap tears are more commonly observed with femtosecond-laser assisted LASIK as 
compared with microkeratome LASIK due to thinner femtosecond flaps with a 
higher incidence of adhesions and tissue bridges [11].

Incidence
The reported incidence of flap tear in FS-LASIK ranges from 0.4% to 0.5% of 
cases [11].

Risk Factors
Extremely thin flaps and persistent focal flap adhesions predispose to the develop-
ment of an intraoperative flap tear. Inadvertent patient movement during flap lifting 
and improper surgical technique may also result in inadvertent flap tears. Laser 
systems using higher energy and lower frequency are more prone to develop persis-
tent adhesions [8]. Excessive opaque bubble layer formation also causes difficulties 
during lamellar separation.

Diagnosis
A flap tear may be observed under the operating microscope while dissecting or 
lifting the flap and is often preceded by resistance due to its inadequate separation 
from the stromal bed. A complete tear at the hinge site results in a free cap.

Treatment
Surgery may be completed uneventfully in cases with small, peripheral tears by 
gently dissecting around the area involved. It is advisable to postpone the surgery in 
cases with large tears involving the pupillary area. The flap should be reposited 
carefully and a BCL placed over it. Customized surface ablation may be planned 
after 6–12 weeks [11].

Prevention
The flap should be adequately separated from the stromal bed before attempting to 
lift it. Caution should be exercised when dissecting thin flaps or flaps with extensive 
areas of adhesion.
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9.2.3  Corneal Perforation During Excimer  
Laser Ablation

Intraoperative corneal perforation is an extremely rare corneal emergency that may 
be observed during excimer laser ablation in flap-based corneal ablative procedures. 
It characteristically presents with aqueous leakage during excimer laser applica-
tion [12].

9.2.3.1  Risk Factors
Risk factors include thin residual stromal bed consequent to an excessively thick 
flap, excessive drying of the stromal bed and excimer laser machine malfunction 
causing repeated ablation at a single point [12].

9.2.3.2  Treatment
The procedure should be stopped immediately, and the flap should be reposited. 
Small perforations may be managed conservatively using a BCL and pressure 
patching. Sutures can be placed to better secure the flap and stop the aqueous leak-
age [12].

9.2.3.3  Prevention
Accurate preoperative pachymetry, preventing excessive drying of the stromal bed 
and proper preoperative excimer laser machine calibration help prevent intraopera-
tive corneal perforation.

9.2.4  Lenticule Extraction Related Corneal  
Emergencies

Small-incision lenticule extraction involves the femtosecond-laser assisted cre-
ation of a refractive stromal lenticule which is then extracted via a small side-cut 
incision. The visual outcomes of SMILE are comparable to that of conventional 
corneal ablative procedures and there is no risk of flap-related complications. 
Intraoperative suction loss and lenticule mis-dissection are important corneal 
emergencies that may be observed during femtosecond laser application and sub-
sequent dissection.

9.2.4.1  Suction Loss
Suction loss may occasionally be observed during femtosecond laser application 
and constitutes an emergency.

Incidence
The incidence of intraoperative suction loss ranges from 0.17% to 6.38% [13].
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Risk Factors
Risk factors for intraoperative suction loss may be related to the patient coopera-
tion, surgeon expertise, functioning of the machine and orbital anatomy. Patient-
related factors include an anxious or uncooperative patient with excessive lid 
squeezing or head movements. Machine-related factors are longer suction time 
associated with SMILE and lower suction pressures. The patient interface ‘acur-
vates’ rather than applanates the cornea and is more prone to be disengaged with 
slight patient movements. Surgeon related factors are related to the learning curve, 
surgical expertise and improper docking technique. Anatomical factors include 
narrow palpebral apertures, deep sockets, excessively dry cornea, large cap diam-
eter, large cylinder power and small corneal diameter.Loose conjunctival tissue and 
fluid ingress between the suction ports of the contact glass and the cornea may also 
lead to suction loss [14].

Diagnosis
A premature halt of the femto-laser application is seen when the patient interface is 
inadvertently disengaged from the patient’s cornea during surgery.

Treatment
Management of the suction loss essentially depends on the stage at which it 
occurs. The ‘Restart’ treatment module in the Zeiss Visumax software is equipped 
to deal with such a scenario. In cases when suction loss occurs at <10% of the 
posterior lenticule cut, the surgery can be reinitiated from the start; however, in 
cases where more than 10% of posterior cut is completed it is advisable to abort 
the surgery. FS-LASIK may be attempted in the same sitting or retreatment may 
be planned after 6–12 weeks. If suction loss occurs during the lenticule side-cut, 
anterior cap- cut or the cap side-cut, the patient may be redocked and surgery 
continued from that particular step with minor modifications of the parameters. 
In cases where the procedure is re-started in the same sitting, the contact lens 
should be cleaned before re-docking. It is advisable to re-start the procedure as 
soon as possible before the reference bubble layer disappears [13].

Prevention
Preoperative calibration of the machine and choosing the correct contact lens as per 
the patient’s corneal diameter should be ensured before starting the procedure. 
Proper patient counselling and positioning is imperative to ensure an uneventful 
surgery. The cornea should be optimally hydrated, and the speculum and drape 
should be applied in the correct fashion to ensure that the central field is free of any 
loose conjunctiva.

9.2.4.2  Lenticule Mis-Dissection and Cap-Lenticular Adhesion
Lenticule dissection and extraction is the most challenging step during SMILE and 
may be especially challenging for a novice surgeon.
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Incidence
The reported incidence of difficult lenticule dissection varies from 1.8% to 9% and 
decreases with surgeon experience [15]. Lenticule mis-dissection with cap- lenticular 
adhesion requires timely diagnosis and urgent management to ensure optimal visual 
and anatomical outcomes.

Risk Factors
Risk factors for lenticule mis-dissection and cap-lenticule adhesion include surgeon 
related factors such as surgeon inexperience and incorrect surgical technique. Laser 
related factors such as low energy setting, dense opaque bubble layer and black 
spots can lead to increased microadhesions or insufficient lamellar separation. Thin 
lenticules usually seen in a lower refractive error patient are difficult to handle and 
have a higher risk of cap-lenticular adhesion, especially during the initial learning 
curve [16].

Diagnosis
Lenticule mis-dissection with a cap-lenticular adhesion may be challenging to diag-
nose. An ASOCT helps in the identification of the lamellar dissection planes and a 
hand-held OCT or intraoperative OCT is a useful adjunct to establish the diagnosis 
of a lenticule stuck to the overlying cap. In the absence of these diagnostic modali-
ties, a clinical diagnosis may be established by nudging the underside of the cap in 
the periphery with a Sinskey hook, wherein observing a crescentic-shaped gap con-
firms the presence of a lenticule adherent to the overlying cap [16].

Treatment
The creation of a crescentic area of separation between the adherent lenticule and 
the cap confirms the presence of a cap-lenticular adhesion and provides a plane to 
enable further dissection and separation of the lenticule. A similar crescentic sepa-
ration with the Sinskey hook may be created on the opposite side at 9’oclock and the 
lenticule may be extracted by gently peeling it off from the overlying cap with a 
microforceps. Alternatively, a lenticulorhexis may be performed to separate the len-
ticule from the cap [16].

In cases with unclear dissection planes or a false stromal passage, the procedure 
should be abandoned. Retreatment with FS-LASIK, cap-flap conversion using the 
CIRCLE software or surface ablation may be performed after refractive stability is 
achieved [16].

Prevention
Various signs have been described to help the surgeon prevent and identify lenticule 
mis-dissection such as the ‘shimmer sign’, ‘white ring sign’ and ‘meniscus sign’. 
Surgical techniques such as sequential segmental dissection, Chung’s swing tech-
nique and ‘push-down’ with a Y-shaped instrument have been described to enable 
safe lenticule extraction [16].
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9.2.5  Corneal Perforation During Intracorneal Ring 
Segments Implantation

Corneal perforation during intracorneal ring segments (ICRS) implantation is rare 
complication that may be observed during the creation of channels (manual or 
femtosecond- laser assisted) or while forcefully inserting the rings.

9.2.5.1  Incidence
The incidence of endothelial perforation ranges from 0.1% to 0.6%, whereas an 
anterior corneal perforation may be observed during a forceful ring insertion in 
1.8% of cases [17].

9.2.5.2  Risk Factors
Incorrect preoperative pachymetry measurements at the optical zone, excessively 
deep or superficial channel creation due to incorrect knife setting or FS laser depth 
and surgeon inexperience increase the risk of inadvertent perforation.

9.2.5.3  Diagnosis
The appearance of air bubbles in the anterior chamber is noted during endothelial 
perforation by the ring. Acute hydrops can occur as a consequence of intraoperative 
DM perforation during segment implantation [17].

9.2.5.4  Treatment
The surgery should be aborted as soon as sign of perforation is observed. A BCL 
may be placed. The perforation usually heals in about 4 weeks following which the 
procedure may be reattempted. In cases with endothelial perforation, the new chan-
nel should be made at least 30–90 μm anterior to the previous channel [17].

9.2.5.5  Prevention
Accurate preoperative pachymetry, proper setting of femtosecond-laser depth 
parameters and gentle manoeuvring while inserting the segments help prevent intra-
operative corneal perforation duriing ICRS implantation.

9.2.6  Corneal Emergencies Related to Radial Keratotomy

Radial keratotomy (RK) is an incisional corneal refractive surgery that has fallen 
out of favour with the advent of corneal ablative procedures. The associated intra-
operative emergencies are less relevant in the current scenario as the surgery is of 
historical importance. Intraoperative corneal perforations may be observed during 
RK that may necessitate discontinuation of the procedure with placement of sutures 
to seal the perforation. Accurate preoperative pachymetry and ensuring that the cor-
rect knife length is set while using a guarded blade are crucial in preventing this 
complication.
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9.3  Postoperative Corneal Emergencies

Corneal emergencies may be observed in the immediate or late postoperative period 
after refractive surgeries. Infectious keratitis is a potentially sight-threatening com-
plication that may be observed after any surgical procedure and may progress to 
phthisis bulbi if untreated. In addition, rupture or dehiscence of RK incisions, extru-
sion of ICRS implants, acute hydrops, diffuse lamellar keratitis and corneal melts 
may be observed.

9.3.1  Infectious Keratitis

Infectious keratitis is a serious complication which may be observed after any 
refractive surgery, including LASIK, photorefactive keratectomy (PRK), RK and 
ICRS implantation.

9.3.1.1  Incidence
Post-LASIK microbial keratitis is a rare but serious complication seen after LASIK 
surgery with a reported incidence of 0–1.5%.Post-PRK infectious keratitis is more 
common with the reported rate of infections 2–6 times higher than observed in post- 
LASIK cases [18]. Microbial keratitis may be observed after implant of ICRS in 
0.1–4.8% of cases [19]. Post-SMILE and post-RK microbial keratitis are relatively 
rare with isolated case reports [20, 21].

9.3.1.2  Causative Organisms
Early onset postoperative infections are usually caused by Gram positive bacteria, 
with staphylococcus and streptococcus species being the most common. Atypical 
microorganisms, including atypical mycobacteria and fungi are frequently impli-
cated in late-onset infections after LASIK. Pseudomonas species may be commonly 
isolated in delayed post-RK keratitis [18, 20, 21].

9.3.1.3  Risk Factors
Risk factors associated with microbial keratitis after corneal refractive procedures 
may be related to the preoperative ocular and systemic co-morbidities, intraopera-
tive surgical technique and contamination, and postoperative wound healing. 
Preoperatively, history of past corneal surgeries, systemic co-morbidities such as 
uncontrolled diabetes mellitus and immunosuppressed state and ocular co- 
morbidities such as dry eyes, viral keratitis and blepharitis increase the risk of post-
operative infectious keratitis. Intraoperatively, surface or interface contamination, 
epithelial defect and reuse of microkeratomes for flap creation predispose to infec-
tions. Horizontal implantation of ICRS rings with perpendicular wound creation is 
associated with slower healing after ICRS implant. In addition, superficial implan-
tation of ICRS and inadvertent introduction of intrastromal foreign bodies are risk 
factors for the development of post-ICRS infections. Postoperative risk factors 
include delayed epithelial healing, prolonged topical steroid use, BCL use and 
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incomplete eyelid closure. Epithelial pseudocysts or erosions at site of RK incisions 
are associated with increased risk of delayed infections [18–21].

9.3.1.4  Diagnosis
The onset of infection may be early (within 2  weeks) or delayed (2  weeks to 
3 months). The diagnosis of infectious keratitis may be established in the presence 
of typical signs and symptoms. The patients present with diminution of vision, pain, 
redness and watering; examination reveals interface infiltrates that may progres-
sively involve the stromal bed and overlying cap or flap. Epithelial defects are com-
monly observed in PRK but may not be observed at initial presentation in LASIK or 
SMILE [18, 20].

Post-ICRS infections usually present within the first 2  weeks with infiltrates 
appearing first at the incision site, then progressing around the ring and into the tun-
nel with a characteristic wound gap. Ring extrusion may be observed in severe 
cases [19].

Delayed infectious keratitis may be observed years after the initial surgery in 
post-RK cases with infiltrates along the RK incisions involving the inferior quadrant 
of cornea [21].

9.3.1.5  Treatment
Empirical broad-spectrum fortified antibiotics should be initiated at presentation, 
and the antimicrobial treatment may be tailored based on the culture and sensitivity 
reports. Frequent instillation of topical antibiotics on an hourly or two-hourly basis 
is advocated. Topical steroids should be discontinued. A high index of suspicion for 
atypical microorganisms should be kept, especially in cases with a delayed presen-
tation. Post-LASIK keratitis refractory to medical therapy may require interface 
irrigation with antibiotics or flap amputation to remove the source of infection and 
improve penetration of antibiotics [18]. Post-ICRS infections may require explant 
of the ring segment followed by tunnel irrigation with antibiotics [19]. Therapeutic 
keratoplasty may be required in non-responsive cases with progressive stromal melt 
and perforation.

9.3.1.6  Prevention
Prevention of microbial keratitis after corneal refractive surgery entails adequate 
treatment of preoperative lid or adnexal infection prior to LASIK.  Preoperative 
betadine cleaning of the patient’s eye, maintaining surgical field sterility, proper 
sterilization of the operating instruments and the use of broad-spectrum antibiotics 
like fourth generation fluoroquinolones for pre- and post-operative prophylaxis help 
to reduce the incidence of postoperative infections [18].

9.3.2  Rupture or Dehiscence of Radial Keratotomy Incisions

Radial Keratotomy has been rendered obsolete with the advent of safer and more 
predictable refractive procedures; however, the postoperative complications may 
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still be observed for the next few decades. As the cohort of RK patients that under-
went their primary surgery in the 1980s–90s undergo phacoemulsification or other 
intraocular surgeries, the surgeons are increasingly likely to encounter the incision- 
related corneal emergencies. Any subsequent ocular surgery like penetrating kerato-
plasty, phacoemulsification, LASIK or even vitrectomy in a post-RK patient may 
result in intraoperative rupture or dehiscence of the RK incisions [22].

9.3.2.1  Risk Factors
Radial incisions created during RK are susceptible to dehiscence in the presence of 
inciting factors such as trauma or surgery, even after several years of surgery. 
Multiple incisions (24–32) with increased depth are more likely to dehisce. Creation 
of clear corneal or limbal incisions during phacoemulsification that transect the pre-
vious RK incisions increases the incidence of dehiscence of radial incisions. In 
addition, initiation of infusion after inserting the phacoemulsification probe in the 
anterior chamber can lead to the RK incisions ‘giving way’. During penetrating 
keratoplasty the peripheral part of the RK incisions may partially or fully dehisce 
while performing host trephination or while cutting the host cornea with a corneal 
scissor. During LASIK, splaying of RK incision resulting in radial peripheral flap 
tears may be seen while creating the flap with microkeratome or manipulation dur-
ing the lifting of the flap. Corneal laceration or even globe rupture along the RK 
incisions has been reported after blunt or penetrating trauma [23, 24].

9.3.2.2  Diagnosis
The diagnosis is established clinically on observing a gaping RK incision with 
aqueous leak observed under the microscope.

9.3.2.3  Management
Ruptured RK incisions should be sutured as in a corneal perforation to restore the 
integrity of the globe. The approximating sutures should not be too tight, otherwise 
the tension exerted by the sutures itself may lead to dehiscence of the adjacent RK 
incisions [23]. Anti-torque 10-0 or 11-0 nylon sutures are placed to straddle the 
radial incision during approximation of partially dehisced radial incision during 
penetrating keratoplasty [24]. Cases of post-traumatic corneal perforation or global 
rupture seen post-RK require immediate repair of corneal and the scleral tears. 
Splaying of RK incisions observed during LASIK requires the flap to be carefully 
reposited back with proper alignment of the RK and LASIK flap wound edge, and 
placement of a BCL.

9.3.2.4  Prevention
In phacoemulsification, a posterior limbal incision is recommended in cases with 
4–12 RK incisions with sufficient space between two adjacent radial incisions. A 
scleral or sclero-corneal tunnel may be preferred in cases with 16 or more RK inci-
sions to avoid transection of the radial incisions by phacoemulsification incision. 
Placement of a prophylactic suture across the RK incision adjacent to the main 
wound may be considered. Manoeuvring of the instruments in and out of the wound 
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should be done gently. Post-operative intraocular pressure (IOP) should be managed 
appropriately to prevent incision rupture after surgery due to IOP spikes. Main 
wound should be sutured, and the patient should be reviewed for any delayed RK 
incision dehiscence even if the surgery was uneventful [23].

During penetrating keratoplasty, the use of preplaced transverse sutures across 
each radial incision, one 0.5 mm peripheral to the graft wound and the other 1.0 mm 
from the corneal limbus, or a preplaced purse-string suture to stabilize the periph-
eral RK incisions of the host cornea helps prevent its dehiscence. Placement of 
interrupted cardinal sutures or bites of a continuous suture between the RK inci-
sions; meticulous closing of the radial keratotomy-graft wound junctions using a 
combination of apposition and overlying compression sutures, double-crossed 
interrupted and double-running anti-torque suturing techniques have also been 
described [24].

In post-RK patients undergoing LASIK, femtosecond laser may be used to create 
the flap instead of microkeratome. A thicker flap of around 130 microns is preferred 
with careful, gentle dissection while lifting the flap to prevent splaying of RK 
incisions.

9.3.3  Intracorneal Ring Segment Extrusion and Corneal Melt

Postoperative corneal emergencies associated with ICRS include ring extrusion and 
corneal melt overlying the ring segment. ICRS extrusion is a serious complication 
which may result from continual superficial migration of the implant or an overly-
ing corneal stromal melt with full-thickness stromal defect. Deeper migration with 
endothelial perforation and acute hydrops may also be observed.

9.3.3.1  Incidence
Extrusion of ICRS segments may be observed in 0.5–30% of cases [25]. Corneal 
melt is relatively rare with an incidence of 0.1–0.7% [17].

9.3.3.2  Risk Factors
Local ocular factors such as thin corneas, dry eye disease, eye rubbing or atopy, 
advanced stage of keratoconus may predispose to extrusion of the ICRS implant and 
corneal melt. Risk factors associated with the surgical technique include an increased 
arc length, thick segments, manually created channels with shallow tunnel depth 
and superficial placement of ring, simultaneous cross-linking session and placing 
the segment too close to the incision site [17]. ICRS segment extrusion may also be 
observed in association with postoperative trauma [25].

9.3.3.3  Treatment
Immediate removal of the segment with topical antibiotic and steroid therapy is 
required in cases of corneal melt or segment extrusion [25]. In addition, systemic 
anti-collagenolytic agents are recommended in cases with corneal melt [17].
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9.3.3.4  Prevention
Comprehensive preoperative assessment including accurate preoperative pachyme-
try with optimization of ocular co-morbidities such as dry eye disease and ocular 
atopy help prevent ICRS extrusion or corneal melt. Good surgical technique and 
surgical expertise is essential to ensure optimal depth of the channel. Femtosecond 
laser-assisted creation of intrastromal channels is associated with increased predict-
ability and safety.

9.3.4  Acute Hydrops

Acute hydrops may rarely be observed in post-LASIK or post-RK cases, especially 
in association with localized ectasia.

9.3.4.1  Risk Factors
Acute hydrops may be observed in cases that develop post-LASIK or post-RK ecta-
sia and may be associated with vigorous eye rubbing or trauma. Various factors 
predispose to the development of post-refractive surgery ectasia, such as preopera-
tive keratoconus, family history of keratoconus, trauma, history of multiple corneal 
refractive procedures with inadequate residual bed thickness, young age and history 
of eye rubbing [26, 27].

9.3.4.2  Diagnosis
Acute hydrops after LASIK or RK presents with marked stromal oedema and the 
presence of stromal aqueous clefts [26, 27]. In LASIK, a separation of the flap from 
the stromal bed due to interface fluid accumulation may be observed. Stromal aque-
ous clefts are visible as translucent spaces in the corneal stroma communicating 
with the anterior chamber via a rupture in the Descemet’s membrane. Aqueous leak-
ing around the edge of the flap and shallowing of AC may be observed [26].

9.3.4.3  Management
Most cases of corneal hydrops resolve in 2–4 months on conservative management 
including topical steroids, antibiotics, cycloplegics and antiglaucoma medications 
The use of intracameral air or isoexpansile gases (SF6/C3F8) with or without intra-
operative OCT guided anterior stromal punctures has been described in cases unre-
sponsive to medical management or with extensive fluid clefts [27].

Post-LASIK ectasia with stromal perforation should be managed appropriately 
with pressure patching, BCL, cyanoacrylate tissue adhesives or patch grafting 
depending on the size and severity of perforation [26].

9.3.4.4  Prevention
Prevention of post-RK/LASIK ectasia and hydrops entails a comprehensive preop-
erative evaluation to rule out subclinical or clinical keratoconus. Management of 
allergic eye diseases is essential to prevent eye rubbing.
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9.3.5  Acute Corneal Haze After Photorefractive  
Keratectomy

Acute corneal haze after phototherapeutic keratectomy (PRK) may be observed 
in 2–4% of cases with high magnitude of refractive errors [28].

9.3.5.1  Risk Factors
Risk factors for post-PRK corneal haze include high magnitude of refractive errors 
with subsequent greater ablation depths. More than 6D of myopia and 4D of hyper-
opia correction are associated with significant postoperative haze. In addition, intra-
operative factors such as use of larger spot-sized laser and mechanical epithelial 
debridement and predispose to the development of acute corneal haze. Postoperative 
delayed epithelial healing, stromal surface irregularity, use of oral contraceptives, 
mechanical trauma and ultraviolet exposure are also associated with corneal haze. 
Corneal haze may also be observed in association with ocular and systemic factors 
such as atopy, autoimmune conditions and allergic conjunctivitis [28].

9.3.5.2  Diagnosis
Reticular opacities are observed at the corneal subepithelial level on slit lamp exam-
ination. The haze usually appears 1 week post-surgery, peaks at 3 months and then 
gradually resolves over the first year [28].

9.3.5.3  Treatment
The frequency and potency of topical steroids should be increased. In unresponsive 
cases, transepithelial PTK/PRK or manual keratectomy with mitomycin C (MMC) 
application (0.02%) may be required [28].

9.3.5.4  Prevention
Use of intraoperative MMC (0.02%) application during PRK in cases with high 
refractive errors helps minimize the incidence of postoperative haze. Avoidance of 
mechanical epithelial debridement and adequate use of post-operative steroids help 
to reduce the occurrence of post-PRK haze.

9.3.6  Flap Macrostriae and Flap Dislocation

Post-LASIK flap macrostriae may be observed in 0.2–4.39% of cases and result in 
significant visual disturbances [11]. The creation of a flap during LASIK perma-
nently weakens the corneal integrity with a lifetime risk of flap slippage or 
dislocation.

9.3.6.1  Incidence
The reported incidence of flap dislocation ranges from 0.01% to 5.8% [11].
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9.3.6.2  Risk Factors
Flap macrostriae and early dislocations may be observed in association with thin, 
desiccated flaps, misaligned flaps or free caps. Microkeratome-assisted flaps are 
more prone to develop postoperative striae and dislocations. Patient-related factors 
include high refractive error with deeper ablation causing a tenting effect, tear film 
insufficiency, postoperative eye rubbing, mechanical trauma and forceful squeez-
ing. Late flap dislocations are usually incited by trauma or iatrogenic factors such as 
debriding the epithelium during vitrectomy [11].

9.3.6.3  Diagnosis
Flap macrostriae appear as wrinkling of the flap with full-thickness flap folds on slit 
lamp examination (Fig. 9.3). Dislocated flaps appear displaced from their intended 
site revealing the bare stromal bed in the periphery. The flap is often oedematous 
with folds. Early flap dislocations are more common and occur within a week of 
surgery while late dislocations are mostly incited by trauma and may be observed 
years after surgery [11].

9.3.6.4  Treatment
Flap dislocation and macrostriae require immediate intervention to prevent sight- 
threatening sequelae. Flap lifting, refloating and interface wash followed by its 
repositioning should be performed. Epithelial debridement may be needed if the 
patient presents after 24 h of onset with fixed folds. Gentle repeated stretching of the 
flap after repositioning in the direction perpendicular to the striae helps in optimal 
alignment of the flap. Suturing the flap may be required in some cases [11].

Fig. 9.3 Postoperative 
LASIK flap macrostriae 
seen as flap wrinkling with 
full thickness folds 
involving the visual axis on 
slit lamp examination
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9.3.6.5  Prevention
Good surgical technique with maintenance of flap alignment and hydration while 
removing the interface fluid at the end of surgery promotes optimal flap adherence. 
Patients should be counselled properly to avoid forceful eye squeezing or rubbing in 
the immediate postoperative period. Patients who are prone to contact injury should 
be advised to wear protective eye wear and explained the possible lifetime risk of 
late flap dislocation.

9.3.7  Diffuse Lamellar Keratitis

Diffuse lamellar keratitis (DLK) is a sterile inflammatory response observed at flap- 
stromal interface in the absence of anterior chamber inflammation.

9.3.7.1  Incidence
The incidence varies from 0.1% to 7.7% with microkeratome-assisted LASIK to 
0.08–19.4% with femtosecond-laser assisted LASIK [29].

9.3.7.2  Risk Factors
Patient-related risk factors for DLK include high degree of preoperative ametropia, 
peripheral immune infiltrates and atopy. Risk factors associated with surgical tech-
nique include the use of high energy femtosecond laser system, larger optical zones, 
perioperative flap epithelial defect and larger flap diameter. Introduction of con-
taminants in the interface can lead to DLK, including blood or meibomian gland 
secretions, bacterial endotoxins and exotoxins, chemical toxins produced during 
autoclaving, surgical marker pen, povidone-iodine, microkeratome oil and surgical 
glove contaminants. Postoperative infections including keratitis and conjunctivitis, 
collagen cross-linking, trauma, flap manipulations and enhancement procedures 
may incite DLK [30].

9.3.7.3  Diagnosis
DLK presents within 1 week of LASIK, typically within the initial 24 h with wave-
like lines of white, granular inflammatory cell deposits in the interface (Fig. 9.4). 
There is minimal conjunctival inflammation and no anterior chamber reaction. It is 
an emergency as untreated severe DLK may progress to corneal melt and irrevers-
ible visual loss.

9.3.7.4  Treatment
Intensive topical corticosteroids are the mainstay of treatment. Oral steroids and 
flap lifting with interface irrigation may be required in severe cases. Stage 4 
patients with corneal melt require adjunctive therapy with oral doxycycline, 
Vitamin C, topical sodium citrate drops and hyperosmotic drops to hasten reso-
lution [30].
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9.3.7.5  Prevention
Preventive measures include thorough interface wash before repositing the flap, 
careful cleaning of instruments and avoidance of contaminants. Lower energy, 
higher frequency femtosecond laser systems have a lower risk of DLK.

9.3.8  Central Toxic Keratopathy

Central toxic keratopathy (CTK) is a rare, acute, non-inflammatory condition 
observed rarely in post-LASIK patients [29]. No definite inciting factors have been 
linked to CTK; however, these cases are often preceded by diffuse lamellar keratitis 
(DLK) [31].

9.3.8.1  Incidence
The reported incidence of CTK varies from 0.01% to 0.7% of cases [29].

9.3.8.2  Diagnosis
Patients present 3–9 days after LASIK with loss of vision, associated with variable 
degrees of foreign body sensation, photophobia and pain. On examination, charac-
teristic dense opacification in the central cornea is observed extending beyond the 
interface into the stroma, associated with striae, stromal tissue loss and a hyperopic 
shift [31].

9.3.8.3  Treatment
The central stromal opacity usually clears gradually, sometimes over a period of 
several months. Oral doxycycline, Vitamin C, topical sodium citrate drops and 

Fig. 9.4 Schematic 
representation of 
postoperative Diffuse 
Lamellar Keratitis after 
LASIK, with extensive 
whitish granular 
inflammatory cell deposits 
in the interface involving 
the visual axis
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hyperosmotics may help prevent flap melt and hasten resolution [31]. CTK is unre-
sponsive to steroid therapy and surgery is thought to have a limited role.

9.3.9  Pressure-Induced Intralamellar Stromal Keratitis

Pressure-induced Intralamellar Stromal Keratitis (PISK)is an extremely rare com-
plication which after LASIK. It presents with DLK-like interface haze but is caused 
by steroid-induced ocular hypertension after LASIK [32].

9.3.9.1  Diagnosis
Patients present 2 weeks after surgery with loss of vision and corneal stromal haze 
subsequent to corneal oedema resulting from a raised IOP. Fluid accumulation may 
be observed on ASOCT in the potential space between the flap and the stromal 
bed [32].

9.3.9.2  Treatment
Treatment consists of discontinuation or tapering of steroids and antiglaucoma 
medications to control the IOP.

9.4  Conclusion

Modern-day refractive surgeries are associated with a high degree of safety, effi-
cacy, predictability and patient satisfaction. Over the decades the techniques of cor-
neal refractive surgery have undergone a remarkable change. Advances in laser 
technology have allowed newer lasers with higher frequencies to be employed in 
corneal refractive surgery, associated with a better precision and lower complication 
rate. The seemingly perfect refractive outcomes go hand in hand with high patient 
expectations, and a thorough preoperative counselling is essential to educate the 
patients about potential risks and their sequelae. Corneal emergencies may rarely be 
observed both intraoperatively and postoperatively after refractive surgeries and 
require prompt diagnosis with urgent management to restore the visual acuity and 
anatomical integrity.

Key Points

• Emergencies associated with corneal refractive surgeries may be seen in the 
intraoperative or the postoperative stage.

• In patients undergoing LASIK, flap-related complications comprise the major 
intraoperative complications.

• The incidence of intraoperative flap-related emergencies in LASIK has signifi-
cantly reduced with advent of Femtosecond Laser for flap creation.

• Suction loss and lenticule mis-dissection are the important intraoperative com-
plications seen during SMILE surgery.
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• Postoperative flap striae or dislocation are complications unique to LASIK and 
require urgent intervention if affecting the patient’s vision or involving the 
visual axis.

• Post-LASIK diffuse lamellar keratitis and microbial keratitis need to be differen-
tiated from each other based on time of presentation and clinical features, as both 
warrant urgent, albeit different management strategies.

• Prompt diagnosis and appropriate treatment are the keys to managing emergen-
cies in patients undergoing corneal refractive surgeries and can help prevent sig-
nificant vision loss and long-term sequelae in these patients.

Financial Disclosures and Conflicts of Interest None.
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10Acute Chemical Injuries of the Cornea

Monika Balyan, Arun Kumar Jain, and Chintan Malhotra

10.1  Introduction

Ocular chemical injuries can be categorized under true ophthalmic emergencies and 
require urgent intervention. The clinical presentation varies widely, with sight- 
threatening complications highly likely at the distal end of the spectrum. The inci-
dence of chemical injuries as stated by the two major epidemiological studies from 
the United States and the United Kingdom are 51.10 new cases/million per year and 
56 new cases/million/year, respectively [1, 2]. Most of the data from the developed 
countries suggest that about two-thirds of the injuries occur at the workplace, with 
the majority of victims being males in the age of 20–40 years. Apart from the work-
place, most other incidents happen at home or as a result of criminal assault. Alkali 
injuries are more common than acid injuries as the alkali is more commonly found 
as a constituent of household and industrial products. About 70–80% of the chemi-
cal injuries are attributed to alkaline chemicals; this figure is worrisome as alkalis 
are known to cause severe injuries as compared to acids [3–5]. No definite epide-
miological data can be reproduced for a majority of the developing countries due to 
the lack of a central database, and the data from the developed countries cannot be 
rightly extrapolated for developing countries as the legislations for work safety, 
population awareness, and availability of protective equipment vary considerably.

10.2  Causative Agents of Ocular Chemical Injury

Nearly 25,000 chemical substances with the potential to cause chemical injuries to 
the eyes have been identified [6]. The majority of these injuries are caused by acids 
or alkalis, as these substances are commonly used in factories, construction sites, 
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and are accessible even for household use. Some of the acids and alkalis commonly 
responsible for causing ocular burns are enlisted in Table 10.1. Ocular chemical 
injuries caused by acid-alkali will be discussed in detail in this chapter, besides 
these, some other common agents attributed to ocular chemical burns are briefly 
described here.

10.2.1  Classification of Common Agents Responsible for Causing 
Ocular Chemical Injuries

• Corrosives:
 (a) Acids or oxidizing agents

Strong acids, e.g., Hydrochloric acid, Nitric acid, Sulfuric acid.
Weak acids, e.g., Acetic acid, Carbonic acid

 (b) Alkali or reducing agents
e.g. Ammonia, lye, Potassium hydroxide, Calcium hydroxide

• Vesicants
• e.g. Sulfur mustard, Mustard/lewisite, Nitrogen mustard
• Plant-based irritants
• e.g. Calotropis Procera, Euphorbia lathyris
• Lacrimatory or riot control agents
• e.g. Bromobenzyl cyanide, Chloroacetophenone, Chloropicrin, Dibenzoxazepine.

10.2.1.1  Vesicants
Vesicants are oily liquids that get aerosolized when released from an explosion or at 
high temperatures. E.g. sulfur, nitrogen mustard. These are lipophilic substances 
and therefore get concentrated in the lipid layer of the tear film and cause prolonged 
ocular surface exposure [7]. Ocular effects can be seen in the form of lid edema, 
conjunctivitis, punctate epitheliopathy, or sloughing up of epithelium [8]. Most of 
the cases (90%) recover without any sequelae. Severe injury (10%) destroys con-
junctival and limbal blood supply resulting in limbal ischemia and limbal stem cell 
deficiency (LSCD) [9]. After exposure to the vesicants, the affected individual 
should be shifted under open air, away from the exposure site. The rest of the treat-
ment course is similar to any corrosive injury and will be discussed in detail, later in 
this chapter.

10.2.1.2  Lacrimatory Agents
These are aerosol dispersed agents that cause ocular irritation and are mainly 
deployed for crowd control during riots. These agents activate transient receptor 
potential (TRP); TRPA1 &TRPV1 ion channel present in the nociceptors of the 
peripheral sensory nerves which are also stimulated by intense heat, therefore caus-
ing a feeling of intense burning. These agents also cause neurogenic inflammation 
by the release of substance P [10, 11].
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Table 10.1 Acids and Alkali commonly responsible for causing ocular chemical injuries, with 
their uses and characteristic properties

Acids
Strength Compound Uses Properties
Strong 
acids

Sulfuric acid 
(H2SO4)

Car batteries, making 
other acids, fertilizers, 
explosives, dyes, 
petroleum refining

Open globe injury in cases of blast 
injuries.
Chemical injury compounded with 
thermal injury

Nitric acid 
(HNO3)

Fertilizers, rocket 
propellant, explosives

Yellow discoloration of exposed tissue

Hydrochloric 
acid (HCL)

Household cleaning, 
plastic manufacturing

Hydrogen chloride gas fumes cause 
ocular irritation and profuse 
lacrimation

Weak 
acids

Chromic acid 
(H2CrO4)

Chrome plating industry Brown discoloration of the exposed 
tissue.
Produces chronic conjunctival 
inflammation

Acetic acid 
(CH3COOH)

Vinegar Concentration >10% can be harmful 
to the eye. The essence of vinegar 
(80% acetic acid) and glacial acetic 
acid (90%) causes severe damage to 
the eye

Sulfurous acid 
(H2SO3)

Meat mincing, 
preservative, bleach, 
refrigerant

Highly soluble in lipid and water

Hydrofluoric 
acid (HF)

Semiconductor 
production, rust remover, 
glass etching

Causes severe ocular injury by 
dissolving cell membranes

Alkali
Rate of penetration Compound Uses Comments

Fastest (˂3 min) Ammonia (NH3) Fertilizers, cleaning 
agents, refrigerants

Forms fumes with 
water, high solubility, 
and rapid penetration

3–5 min Sodium 
hydroxide/lye 
[NaOH]

Drain cleaners, paper, 
and textile industries, 
hair straightening

Easy availability at 
home, therefore 
frequently used for 
assault

>5 min Potassium 
hydroxide (KOH)

Caustic potash Dissolution in water is 
an exothermic reaction

Slightly less rapid 
then KOH

Magnesium 
hydroxide [Mg 
(OH)2]

Sparklers Can cause combined 
chemical and thermal 
injury

Slowest/variable 
depends upon 
precipitation

Calcium 
hydroxide/Lime 
[Ca (OH)2]

Cement, mortar, 
whitewashing

The most common 
agent causing alkali 
injury.
Reacts with epithelial 
cell membranes to form 
calcium soaps
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• Tear gas—Common agents used in tear gas are Chloroacetophenone, 
Dibenzoxazepine, chlorobezylidenemalononitrile.

• Chemical Mace is a mixture of tear gas (original formula consisted of 1% chlo-
roacetophenone) with a chemical solvent. These agents can cause lacrimation, 
epithelial edema, stromal clouding, and epithelial sloughing [12].

• Oleoresin Capsicum, commonly known as pepper spray is commonly used for 
self-defense. The active agents are lipophilic substances grouped as  capsaicinoids, 
mainly capsaicin and dihydrocapsaicin, which bind to the vanilloid type 1 recep-
tor; TRPV1 [11, 13, 14].

• Exposure may lead to an inability to open eyes, stinging, pain, and lacrimation. 
If the victim is wearing contact lenses, they should be removed immediately. 
Capsaicin is insoluble in water; therefore, the symptoms are not relieved by irri-
gation with water. However, the role of immediate irrigation cannot be excluded. 
There is no specific antidote; therefore, treatment aims at decontamination fol-
lowed by symptoms specific supportive measures.

10.2.1.3  Plant-Based Toxins
• Calotropis procera (Sodom apple): The latex of the plant contains alkaloids like 

calotropin, calcilin, catotoxin which cause caustic injury to the eye [15]. Patients 
usually present with painless diminution of vision since the latex has anesthetic 
properties. Other findings are the presence of punctate epitheliopathy, corneal 
edema, presence of Descemet’s folds (Fig. 10.1). Unlike most of the other chem-
icals, Calotropis causes more damage to the endothelial cells as compared to the 
epithelium [16].

• Euphorbia species: The sap of the Euphorbia plant is toxic to the skin and the 
eyes and causes alkaline chemical injury [17]. Ocular toxicity due to accidental 
exposure to the sap may manifest in the form of mild conjunctivitis to severe 
keratouveitis [18–20].

Fig. 10.1 A 34-year-old 
female with accidental 
exposure to Calotropis sap. 
The anterior segment 
showed the presence of 
corneal edema with 
multiple Descemet’s folds. 
Endothelial involvement is 
notably more than 
epithelial affection
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10.2.1.4  Other Common Agents Responsible for Ocular 
Chemical Injuries

During the festive week of Holi, ocular chemical injuries due to synthetic colors are 
very commonly encountered in India. Oxidized metals or industrial dyes are some-
times added to these to impart a specific color. E.g. copper sulfate—green color, 
mercury sulfide—red color, aluminum bromide—yellow color. The watercolors 
which are used mostly contain an alkaline base with the potential to cause chemical 
injuries [21].

Cosmetics like hair colorants contain ammonia as an alkylating agent and hydro-
gen peroxide as an oxidizing agent, likely to cause ocular burns on exposure [22]. 
Commonly used products like the depilatorycrèmes contain calcium thioglycolate 
along with calcium hydroxide and can possibly cause severe caustic injury 
(Fig. 10.2) [23].

At the tertiary care centers, ophthalmic consultations are commonly sought for 
motor vehicle accidents (MVA) with associated ocular injuries. Injuries resulting 
due to sudden deployment of the airbags may lead to severe ocular burns due to the 
sudden release of chemicals like sodium hydroxide during the deployment [24]. If 
left ignored, these injuries may result in sight-threatening complications.

10.3  Pathophysiology of a Corrosive Injury

The severity of the injury caused by a chemical agent and final visual outcomes 
depend on the area of exposure, nature, concentration, and quantity of the substance 
as well as on efficacy and timing of the emergency treatment. Chemical substances 
cause tissue destruction through the dissociated ions which accumulate in the tear 
film, destroy the adnexa, and penetrate the cornea to reach the aqueous humor. Pain, 
lacrimation, and blepharospasm occur as a result of direct injury to the free nerve 

a b

Fig. 10.2 (a) A 25-year-old male with a history of accidental smearing of depilatory crème in the 
eye. The picture shows an epithelial defect involving almost three-fourths of the cornea along with 
multiple Descemet’s folds. The presence of limbal ischemia can be noted from 3 to 9 clock hours. 
(b) The corneal and conjunctival epithelial defect stained with fluorescene dye and visualized 
under the cobalt blue filter
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endings located in the conjunctiva, lid, and the cornea. The strength of an oxidizing 
and reducing agent depends on its ability to readily give hydrogen and hydroxyl 
ions in the solution; therefore, a stronger acid or alkali causes more tissue destruc-
tion than the weaker ones [25]. An exception to this is the Hydrofluoric acid, which 
is a weak inorganic acid, but is a strong solvent, therefore dissolves cellular mem-
branes and rapidly penetrates the eye. It also chelates calcium and magnesium ions, 
thereby halting cellular metabolic activities [26].

The difference in the severity of the acid and alkali injuries lies in their different 
tissue interactions. Acid results in the precipitation of proteins within the cornea and 
conjunctiva which acts as a partial barrier for deeper penetration of the offending 
agent [27] (Figure 10.3a). On the other hand, in cases of alkali injuries, hydroxyl ions 
rapidly penetrate the eye, causing saponification of cellular membranes with massive 
cell death, partial hydrolysis of corneal glycosaminoglycans and collagen, and rapid 
corneal clouding (Figure 10.3c). An increase in aqueous humor pH because of rapid 
penetration of alkali agent into anterior chamber results in lysis of cells lining the 
anterior chamber along with the compromisation of the blood–aqueous barrier, and 
release of necrotic debris into the anterior chamber [28]. Among the alkali, ammonia 
has the fastest penetration rate (<3 min) and is known to cause severe ocular burns 
[29]. Alkali burns due to lime [Ca (OH) 2] are much more common but less severe due 
to its property to precipitate over the surface, but it may act as a chemical reservoir and 
cause prolonged exposure if not removed from the fornices or the other potential 
spaces (Fig. 10.4). Chuna packets (edible calcium hydroxide paste), a popular additive 
to chewing tobacco in India can cause severe ocular alkali burns in children as a result 
of bursting of chuna packets while playing with them.

a b c

Fig. 10.3 (a) An eye post-acid injury showing the presence of an epithelial defect along with the 
formation of a whitish plaque due to the coagulation of surface proteins. In the setting of chemosis 
and perilimbal hemorrhage, assessing the degree of limbal ischemia can be difficult and may show 
significant inter-observer variations. On the other hand, a limbal epithelial defect can be clearly 
demarcated using fluorescence staining under a cobalt blue filter in the same case (b). (c) shows an 
eye post alkali injury, with severe limbal ischemia extending 360° with the presence of sclerosed 
limbal vessels, implying poor prognosis. Note the presence of diffuse stromal haze with no view 
of the anterior chamber structures
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10.3.1  Rise in Intraocular Pressure (IOP)

The rise in IOP post intraocular chemical injury is a biphasic response. Shrinkage 
of the collagenous envelope of the eye due to the injury causes an immediate rise in 
intraocular pressure. The secondary rise in IOP occurs due to prostaglandin release 
in the aqueous humor, which stays for a longer duration. The necrotic debris clogs 
the trabecular meshwork and hinders the aqueous outflow. Sometimes even direct 
injury may occur to the trabecular meshwork. Later on, the organization of the 
debris occurs in the outflow channels, and cicatricial changes set in, leading to per-
manent destruction of the trabecular meshwork and synechial closure of the angles 
[30]. Glaucomatous optic neuropathy is often a cause of grave visual outcomes in 
the patients who later undergo keratoplasties or keratoprosthesis.

10.3.2  Inflammatory Process

Chemical injuries to the eye result in the release of pro-inflammatory mediators and 
infiltration of the involved tissue with the polymorphonuclear (PMN)cells. There 
are two waves of inflammation associated with a chemical injury and the first wave 
is considered crucial in initiating the second wave. The first wave occurs in the ini-
tial 24 h. Change in pH beyond the buffering capacity causes lysis of the corneal 
cells, disruption of the blood–aqueous barrier, and release of necrotic debris into the 
aqueous humor, leading to a severe fibrinous inflammatory reaction in the entire 
anterior segment of the eye. The second wave begins at around 2–3 weeks and coin-
cides with the phase of tissue breakdown and repair. The change in the balance 
between the two may either result in healing or necrosis of the ocular structures [31].

Fig. 10.4 A16-year-girl 
with a history of accidental 
fall of lime (Ca (OH) 2) 
into the eye. Lime particles 
sequestered here if not 
removed immediately may 
act as a prolonged source 
of chemical exposure, 
resulting in intractable 
damage to the eye
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10.3.3  Fall in the Aqueous Ascorbate Levels

An active transport mechanism, located in the ciliary epithelium, is responsible for 
concentrating ascorbic acid in the aqueous humor, almost 15–20 times to that of the 
plasma. The deficiency of ascorbic acid in the aqueous following an alkali burn may 
occur from direct injury to the ciliary epithelium or through damage to the small 
blood vessels perfusing the ciliary body [32]. Ascorbic acid is an essential co-factor 
for collagen synthesis, and its deficiency can cause impaired wound healing and a 
higher risk of corneal perforation.

10.4  Clinical History

• Nature of the chemical agent (patients sometimes may bring an image of the 
offending agent, or carry the chemical holder itself).

• Nature of the injury. History of high-velocity injuries, e.g. battery blast, explo-
sions, firecracker injuries should raise suspicion of open globe injury or intraocu-
lar foreign body.

• Whether any protective glasses or shields were on at the time of injury.
• If emergency irrigation was performed and for how long.

10.5  Immediate Treatment and Transfer

10.5.1  Treatment at the Injury Site

In the event of a chemical injury, the bystanders or the first responders should take 
measures to ensure that additional exposure to the offending agent should be imme-
diately cut off. Patient should be shifted to a clean, non-contaminated site, the soiled 
clothes should be taken off and the emergency irrigation should be started without 
any further delay. Clean tap water is easily available in such situations, and a copi-
ous amount should be used for the irrigation. Delay in lavage for obtaining the irrig-
ants of choice or for transferring the patient to a higher facility is not warranted. The 
irrigation should continue while the patient is being transferred to the higher center, 
which can be made possible with the use of an irritating contact lens, e.g. Morgan 
therapeutic lens (Fig. 10.5).

10.5.2  Treatment in Ophthalmic Emergency

The emergency treatment should precede the examination to classify or grade the 
chemical injury. To optimize patient comfort while irrigation, a drop of propara-
caine 0.5% can be instilled. If the injury is unilateral, then the other eye should be 
patched and the head of the patient should be tilted slightly toward the involved 
eye to prevent the fluid from accidentally flowing into the normal eye. In cases 
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with bilateral injury, a nasal cannula, laid over the bridge of the nose, with its 
prongs directed toward both the inner canthus can be used to provide simultane-
ous irrigation to both the eyes, avoiding any further delay in the emergency treat-
ment. The eye can be held open using gauze or a lid speculum can be applied to 
facilitate irrigation. Careful attention must be directed to the regions where the 
presence of extreme chemosis may likely hide some particulate matter. Double 
eversion of the lid should be performed and fornices should be properly swiped to 
dislodge the sequestered particles. Lime particles get precipitated and may require 
removal using forceps and sometimes cotton-tipped applicators soaked in 
Ethylenediaminetetraacetic acid (EDTA) may help. Care should be taken while 
manipulating the eyes with the history of blast injuries, e.g. a battery blast or other 
explosive injuries, as ocular integrity may be compromised in such situations.

10.5.2.1  Choice of Fluid and Duration of Irrigation
The American National Standards Institute recommends irrigation starting with a 
maximum delay of 10 s after eye burns and to be carried out for no <15 min with a 
sufficient quantity (500–1000) mL of the isotonic physiological saline, or the avail-
able solution [33]. The ideal duration of external lavage may vary according to the 
severity of the injury and should be continued until the tear pH measured from 
lower fornix reaches almost close to the normal physiological pH of 7.4. The vari-
ous fluids used for irrigation differ as per their tonicity and buffering capacity. An 
alkali should never be used to neutralize an acid and vice versa.

• Amphoteric substances: An amphoteric substance has the property to neutralize 
acid as well as an alkali, e.g. Diphoterine (Prevor laboratories, France). The non- 
availability of these buffers is the main reason, why they are not readily used.

• Non-buffering substances: e.g. tap water, 0.9% normal saline. Tap water is usu-
ally hypotonic (may slightly vary with the geographic region) and normal saline 
is isotonic. There is a controversy regarding the optimum tonicity of irrigating 
fluid to be used. Studies done on rabbit models suggest that a hypotonic sub-
stance causes stromal swelling, therefore dilutes and flushes out the chemical 
[34], while some study suggests that it may cause deeper penetration of the 
chemical substance along with cell lysis [35]. Normal saline is isotonic, there-

Fig. 10.5 A Morgan contact lens (MorTan Inc.) is a “hands-free” emergency irrigation device that 
enables continuous irrigation of the ocular surface. The attached tube has a luer lock which couples 
to an intravenous delivery system. *Image used with permission
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fore it does not cause stromal swelling and it does not have any buffering ability, 
hence it is considered inferior to some of the other fluids.

• Agent specific buffers: Unlike the amphoteric substances which work for both 
acids and alkali, these substances work against either acids or alkali. Ringers 
lactate has lactate as a buffer for acid burns. Balanced saline solution (BSS) is 
another buffering solution. It contains both acetate and citrate. Citrate gives it the 
ability to bind to non-specific metallic ions. BSS has the protective property of a 
weak buffer and prevents the swelling of the cornea under healthy conditions, 
and at the same time protects the endothelium [36–38].

10.5.2.2  Aqueous Humor Replacement
The utility of external lavage alone is arguable when the chemical has reached into 
the aqueous humor. Removal of the aqueous humor having a non-physiological pH, 
with or without replacing it with saline has been suggested in the literature. Studies 
done in animal models with alkali injury recorded a drop in pH by1.5 units after 
paracentesis alone and subsequently replacing it by phosphate buffer solution further 
reduced it by 1.5 units [28]. Although it is not a routinely performed procedure while 
managing these cases but can be considered in cases with moderately severe to severe 
grades of chemical injuries, especially for the cases presenting within 2 h of injury.

10.6  Clinical Examination and Classification 
of Chemical Injuries

Once a thorough external lavage has been performed, a detailed ocular examination 
should be carried out, starting from the blinking, examination of lids for lid defects, 
lagophthalmos, presence of any eschar preventing the complete closure of the lids. 
Globe should be properly examined for its integrity in cases of blast injuries. Visual 
acuity and intraocular pressure have to be recorded. Presence of limbal ischemia, 
corneal and conjunctival epithelial defect, degree of stromal edema should be 
recorded. If visible, the details of the anterior chamber like the presence of cellular 
reaction or fibrin, iris changes, opacification of the lens should be put down in the 
patient’s record.

While assessing limbal ischemia it is important to note that the presence of 
thrombosed vessels around the limbus should not be confused with the patient per-
ilimbal vessels. Thrombosed vessels are deep red to brown with the presence of 
broken, stationary blood columns in between.

The staging of the injury can precisely be performed 24–48 h after the injury, as 
the actual degree of limbal ischemia becomes evident after the chemosis settles 
down and the level of stromal hydration induced by the external lavage also sub-
sides by then. Well-documented diagrams representing the extent of the injury, 
describing the clock hours, and measurements of the corneal and conjunctival 
defects should be drawn in the patient’s record. If possible, anterior segment 
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photographs should be taken. That would act as a guide toward recovery and plays 
an important role in cases with medicolegal implications.

Classification systems serve as an aid to grade the injury, help in tailoring the 
treatment methodology, and foreseeing the visual prognosis. The commonly used 
classification systems are the Roper–Hall classification which is a modification of a 
classification system developed by Ballen et al. [39, 40] and Dua’s classification 
system. Roper–Hall system considers the extent of corneal involvement and the 
limbal ischemia in terms of clock hours as the markers to grade the severity of the 
chemical injury (Table 10.2), and it does not take the conjunctival involvement as a 
criterion for the grading. On the other hand, Dua’s classification system does not 
take into account the corneal involvement, instead, it is based on the percentage of 
conjunctiva involved along with the extent of limbal epithelial defect in clock hours 
(Table 10.3). As the presence of limbal ischemia has long been recognized as an 

Table 10.2 Roper–Hall classification of severity of ocular surface chemical burns [39] (Reprinted 
with permission: Roper-Hall MJ.  Thermal and chemical burns. Trans Ophthalmol Soc U 
K. 1965;85:631–53. PMID: 5227208)

Grade Prognosis Cornea Limbus
I Good Corneal epithelial damage No limbal ischemia
II Good Cornea haze, iris details visible <1/3 limbal ischemia
III Guarded Total epithelial loss, stromal haze, iris details 

obscured
1/3–1/2 limbal 
ischemia

IV Poor Poor cornea opaque, iris and pupil obscured >1/2 limbal ischemia

Table 10.3 Dua et al. classification of ocular surface chemical burns (Reprinted with permission: 
Dua HS, King AJ, Joseph A. A new classification of ocular surface burns. Br J Ophthalmol. 2001; 
85(11):1379–83)

Grade Prognosis Clinical findings
Conjunctival 
involvementa Analog scale

I Very good 0 clock hours of limbal 
involvement

0% 0%

II Good ≤3 clock hours of limbal 
involvement

≤30% 0.1–3/1–29.9%

III Good >3–6 clock hours of limbal 
involvement

>30–50% 3.1–6/31–50%

IV Good to 
guarded

>6–9 clock hours of limbal 
involvement

>50–75% 6.1–9/51–75%

V Guarded to 
poor

>9–<12 clock hours of limbal 
involvement

>75–< 100% 9.1–11.9/75.1–
99.9%

VI Very poor Total limbus (12 clock hours) 
involved

Total conjunctiva 
(100%)

12/100%

aFor calculating the conjunctival involvement area, only involvement of bulbar conjunctiva 
[excluding palpebral conjunctiva], up to and including the conjunctival fornices is considered. The 
analog scale is calculated by recording the limbal involvement in clock hours/percentage of con-
junctival involvement
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indirect marker of limbal stem cell damage [41], Roper–Hall system considers the 
presence of perilimbal ischemia as the marker of stem cell damage, while Dua’s 
system considers the presence of limbal epithelial defect to mark the same [42]. 
They suggest that sometimes even in the presence of limbal vascularity there might 
be an underlying stem cell damage.

Therefore, fluorescein staining is required to grade the limbal involvement as per 
Dua’s system. It reduces the inter-observer bias which can be commonly encoun-
tered while assessing the perilimbal ischemia, especially during early hours, in the 
presence of severe conjunctival chemosis. An analog scale is thus calculated which 
acts as a guide to monitor improvement or worsening during treatment. It is an 
important guide toward the treatment response as the analog scale will show a 
change even when the grade of the injury remains the same.

Another shortcoming of the Roper–Hall system is that all the injuries with more 
than 50% of limbal ischemia are labeled as grade IV severity. Therefore, a patient 
with limbal ischemia involving 7 clock hours is labeled to be of equal severity as a 
patient with 12 clock hours involvement, however, this implication might not stand 
correct for most of the cases. Also important to note here is that none of these clas-
sification systems takes into account the depth of the injury.

10.7  Phases of Chemical Injury

Mc Culley divided the course of chemical injury into four phases [42] as described 
in Table 10.4. The treatment in different stages might overlap or differ according to 
the ongoing pathophysiological changes in the eye.

Table 10.4 Phases of chemical injury

Phase

Time 
in 
days Findings

Immediate 0 Immediate effects of injury in the form of raised IOP, corneal or 
conjunctival epithelial defect with or without limbal ischemia, and 
intraocular findings like lens opacification

Acute 0–7 Signs of inflammation start to appear. In mild injuries, the epithelium 
starts to heal. IOP may rise due to inflammation, rapid change occurs in 
corneal transparency

Early 
reparative

7–21 This is the transition phase. Epithelial healing gets completed in the 
milder form of injuries. Acute inflammation transits into chronic 
inflammation, stromal repair process and scarring starts making its way

Late 
reparative

>21 Cases with mild injuries heal completely, and inflammation subsides. In 
eyes with severe injuries, sequelae of LSCD start appearing in the form 
of pseudo pterygium, corneal neovascularization. Conjunctival 
cicatrization and lid abnormality start to develop. The persistent 
epithelial defect either heals with scarring or leads to secondary infection 
or corneal melt. Raised IOP often missed, can lead to glaucomatous 
damage
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10.8  Treatment

10.8.1  Acute and Early Reparative Treatment

Once the emergency treatment has been provided, the acute and early reparative 
treatment aims at reducing the inflammation, halting the stromal breakdown, conse-
quently promoting re-epithelialization and providing patient comfort.

10.8.1.1  Broad-Spectrum Topical Antibiotics
Topical broad-spectrum antibiotics are given to prevent superadded infectious kera-
titis in the presence of an epithelial defect. Preservative-free topical fluoroquino-
lones instilled 4–6 times a day provide good antimicrobial coverage and can be 
continued till the time the defect heals.

10.8.1.2  Artificial Lubricants and Cycloplegics
Severe chemical injuries lead to the destruction of conjunctival goblet cells and 
damage to Meibomian glands, resulting in poor mucin and lipid components in the 
tear film. Preservative-free artificial tear substitutes and gel increase patient com-
fort, prevent drying and further epithelial breakdown, thereby promotes re- 
epithelialization. Cycloplegic agents should be added to the initial treatment 
regimen for mydriasis and to provide relief from the painful ciliary body spasm.

10.8.1.3  Oral and Topical Sodium Ascorbate (10%)
Ascorbate is a reducing agent required by fibroblasts to hydroxylate proline during 
collagen synthesis. As mentioned earlier, a significant reduction in ascorbate level 
develops in the aqueous humor post chemical injury, which can in turn inhibit col-
lagen synthesis by fibroblasts leading to corneal thinning and perforation. Therefore, 
ascorbate supplementation significantly reduces the risk of corneal perforation [43]. 
Topical ascorbate has better anterior segment penetration than the oral form [44]. 
Maintaining compliance with topical ascorbate eye drops can be challenging due to 
ocular pain and burning on the instillation of drops, therefore oral ascorbate should 
always be given along, and patient education and reinforcement would help them to 
comply with the treatment. Instilling topical sodium ascorbate 10% solution 
1–2 hourly along with 500–1000 mg of oral ascorbic acid four times a day may 
maintain aqueous ascorbic acid at levels high enough to reduce the risk of corneal 
ulceration.

10.8.1.4  Corticosteroids
Post chemical injury, severe inflammation is the key factor around which most of 
the complications revolve. Steroids reduce the inflammatory cell infiltration and 
Polymorphonuclear lysosomal enzyme release into the stroma. They are also help-
ful in the treatment of associated iridocyclitis. In an animal study, the use of steroids 
after 6 days has been reported to increase the risk of stromal melting [45], however 
studies published later supported that no increased risk of corneoscleral melting was 
seen when the steroids were concurrently used with ascorbic acid [46]. Potent 
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topical steroids in the form of 1% prednisolone acetate or 0.1% dexamethasone 
should be started from the first day of the injury and instilled every 1–2 hourly and 
the frequency can be reduced as per the inflammatory reaction.

10.8.1.5  Oral Tetracyclines and Topical Citrate
Inflammatory cell release proteinases, collagenase, and stromelysin causing colla-
gen breakdown leading to corneal or scleral melts [47]. Tetracyclines and citrate 
have shown a definite role in suppressing the release of proteolytic enzymes and in 
scavenging free oxygen radicals released in animal models of chemical injuries. 
Topical citrate is a calcium chelator, it depletes the intracellular calcium from neu-
trophils thereby inhibiting chemotaxis, phagocytosis, and release of proteolytic 
enzymes [48]. Tetracyclines have anti-inflammatory and anti-collagenolytic activity 
besides their antimicrobial properties. Doxycycline inhibits MMP 9 activity and 
downregulates the release of pro-inflammatory cytokine IL-1b and tumor necrosis 
factor [49].

10.8.1.6  Ocular Hypotensive Agents
Depending upon the IOP antiglaucoma medications either in the form of oral car-
bonic anhydrase inhibitors or topical agents can be prescribed. Aqueous suppres-
sants are considered as preferred agents as the outflow channels are mostly clogged 
or sometimes even damaged due to direct injury.

10.8.1.7  Blood Derived Topical Agents
Autologous peripheral blood serum (PBS), platelet-rich plasma (PRP), and umbili-
cal cord serum (UCS) have been reported to hasten epithelial healing in chemical 
injuries. These are rich in various growth factors like epidermal growth factor 
(EGF), transforming growth factor-beta (TGF-β), surface immunoglobulin A, and 
fibronectin [50]. Issues with blood-derived topical therapy are difficulties in obtain-
ing and preparing the treatment, lack of a standardized preparation protocol, poten-
tial risk of contamination and infection, shorter shelf life, and higher cost.

10.8.2  Surgical Treatment in the Acute Phase

10.8.2.1  Amniotic Membrane Transplantation (AMT)
Human amniotic membrane transplantation (AMT) may help in accelerating re- 
epithelialization of corneal and conjunctival surfaces, reducing ocular surface 
inflammation and pain. It may help to alleviate some potential sequelae like a non- 
healing defect and symblepharon formation and also help partially restore the lim-
bal stem cell function [51]. The amniotic membrane (AM) serves as a basement 
membrane for epithelial cell migration and provides various growth factors like 
epidermal growth factor, transforming growth factor, and hepatocyte growth factor 
[52]. AM reduces scarring by the release of anti-inflammatory cytokines and induc-
ing apoptosis of inflammatory cells [53]. Suturing in an acutely inflamed eye is a 
difficult task and requires expertise. Advancement has been made toward sutureless 
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AMT, e.g. devices like Prokera (Scope Ophthalmics Ltd) which contains an amni-
otic membrane clipped between transparent flexible rings is helpful in such cases. 
Placement of AM sutured over a symblepharon ring is another non-traumatic alter-
native when the other sutureless AM devices are not available. In cases with large 
areas of conjunctival defects and forniceal involvement, placement of a symblepha-
ron ring with suturing of the AM to the lid margins can be performed. It has been 
seen that re-epithelialization is significantly faster in medium severity injuries 
(Dua’s stage II-III) with AMT [54, 55]. However, no additional benefit was observed 
in cases with severe chemical injuries. When applied in the acute stage, a severe 
inflammatory state of the eye may lead to the rapid dissolution of AMT, necessitat-
ing several repeat procedures.

The prophylactic approach should be followed for the prevention of symblepha-
ron formation in all cases involving conjunctival burns. Transudation of intravascu-
lar fluid in an inflamed eye often results in the formation of fibrin bridges. The raw 
surfaces get adhered to each other and later scarring and contractures develop, lead-
ing to the formation of symblepharon or ankyloblepharon. Periodic removal of 
these adhesions in the initial phases using a glass rod greased in antibiotic ointment 
or applying a symblepharon ring or covering the raw surfaces with an AMT helps in 
preventing these sequelae [56]. However, these approaches might not be effective in 
cases with severe burns.

10.8.2.2  Tenonplasty
Severe chemical burns can lead to extensive destruction of the limbal vascular sup-
ply, leading to sterile necrosis and corneoscleral melt [57]. AMT may fail to re- 
epithelialize the conjunctival defects in cases where there is ischemia due to the 
destruction of episcleral vasculature [58, 59]. In cases with scleral ischemia, tenon-
plasty is considered to be a useful way to provide a vascular pedicle for the migra-
tion of conjunctival epithelial cells, in the early period [60, 61]. After complete 
excision of the dead, necrosed tissue, careful separation of the viable tenons tissue 
is done while preserving the vascular supply of the capsule which is located poste-
riorly [62]. Advancement of these vascularized tenons from the orbital region is 
performed up to the limbus, thereby covering the avascular area by healthy vascu-
larized tissue. The procedure can be combined with AMT to provide an additional 
advantage of its anti-inflammatory and healing properties (Fig. 10.6). Anterior seg-
ment angiography can be utilized to demarcate the area with limbal ischemia and 
perform a selective tenonplasty [63]. Important to note here is that Tenon’s advance-
ment may be difficult in patients with acute injury due to the presence of inflamed, 
friable conjunctival, and Tenon’s tissue.

10.8.2.3  Glued-On Contact Lens
Animal studies have shown that covering the corneal surface with methyl methac-
rylate lens with cyanoacrylate glue application in the initial period of chemical 
injury prevented PMN infiltration of the stroma and stromal ulceration. Glued-on 
lenses applied to already ulcerating corneas arrested further ulceration by prohibit-
ing additional PMN infiltration. The epithelium should not be allowed to grow on 
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the affected area; therefore, a complete 360° seal is required between the periphery 
of the lens and the corneal surface. The efficacy of this procedure is based on the 
possibility that epithelium stimulates the infiltration of the stroma by PMNs which 
then participate in stromal matrix degradation [64].

10.8.3  Treatment in the Intermediate Stage

The treatment in the intermediate stage is directed toward promoting re- 
epithelialization, reducing inflammation, and managing the complications arising 
after the acute stage, e.g. non-healing defect, descemetocoele formation, corneal 
perforation, microbial keratitis, corneal-scleral melt, etc. [65].

Even in the mild form of injury, recurrent epithelial erosions may develop when 
there is damage to the basal lamina or anterior stroma. In some cases, even when the 
limbal stem cells are intact, adhesion problems can occur due to faulty epithelial–
stromal interaction due to the accelerated degradation of fibrinogen by plasminogen 

a b

c d

Fig. 10.6 A patient presenting after 48 h of exposure to acetic acid, after receiving primary treatment 
elsewhere. By this time chemosis has grossly subsided, making perilimbal ischemia clearly demar-
cated, which corresponds to the area of conjunctival defect taking fluorescence stain (a, b). Sectoral 
tenonplasty and AMT were performed for this eye (c, d) postoperative picture shows vascularization 
of the necrosed area with localized growth of conjunctival tissue, sparing the visual axis
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activator [66]. The further epithelial movement does not occur in the absence of 
adhesion of the leading edge of the epithelium and thereafter it peels off.

Several strategies may help in treating a non-healing epithelial defect, apart from 
the conservative treatment. Performing a tarsorrhaphy helps in minimizing the 
mechanical rubbing of the eyelids with the friable healing epithelium. Application 
of a well-fitted bandage contact lens would serve the same function; however, an 
increased risk of microbial keratitis limits its use. AMT serves its purpose well in 
acute as well as intermediate stages in promoting epithelial healing. For smaller 
corneal perforation up to 3 mm, closure with cyanoacrylate glue is the least invasive 
and effective way of re-establishing the integrity of the eye. Larger perforations and 
corneal melts require keratoplasty. The issue of non-healing defects does not spare 
even the implanted grafts; therefore, performing an intraoperative or early postop-
erative tarsorrhaphy is advisable.

10.8.4  Chronic Sequelae and Treatment

A summary of the chronic sequelae of ocular chemical injuries has been provided in 
Table 10.5; Fig. 10.7. Treatment of chronic sequelae and an attempt for visual reha-
bilitation should start with optimizing the ocular surface first. Lid-globe congruity, 
presence of a near-normal tear film, and a quiet eye without intractable glaucoma 
are the obligatory requirements before visual restorative procedures are undertaken. 
Lid abnormalities like lagophthalmos, ectropion, entropion, and dystrichiasis should 
be corrected first before going ahead with keratoplasty or stem cell transplant. 
Symblepharon lysis and expansion of cul-de-sac should be performed. Punctual 
plugs can be used to address the aqueous tear deficiency.

Table 10.5 Chronic sequelae of ocular chemical injuries

Ocular structures Associated complications
Eyelids and related structures Meibomian gland destruction

Lagophthalmos, lid defects
Trichiasis
Ectropion, entropion

Conjunctiva Goblet cell loss, dry eyes
Symblepharon, ankyloblepharon
Subconjunctival scarring

Cornea and limbus Limbal stem cell deficiency
Conjunctivalization of cornea
Corneal neovascularization, corneal scarring
Corneal melt, microbial keratitis
Recurrent erosions, non-healing epithelial defect

Intraocular structures Chronic inflammation
Damage to the trabecular meshwork, ocular hypertension
Anterior synechiae
Damage to iris tissue
Cataract formation
Ciliary body damage, hypotony/phthisis bulbi
Glaucomatous optic neuropathy
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10.8.4.1  Limbal Stem Cell Transplant
Limbal stem cell deficiency (LSCD) is one of the devastating complications of severe 
ocular chemical injuries, resulting due to irreversible damage to the stem cells popu-
lation residing deep in a protected microenvironment within the limbal epithelium. 
Various manifestations of LSCD are recurrent corneal erosions or non- healing epi-
thelial defects, corneal neovascularization, and conjunctivalization of the cornea. 
Limbal stem cell transplant (LSCT) should only be done once the inflammation 
remains subsided for at least 3 months; this provides time for recovery of existing 
stem cells damaged by chemical injury [67]. In general, LSCTs are either autologous 
or allogeneic, Table 10.6 provides a summary of various techniques for LSCT.

10.8.4.2  Keratoplasty
In chemical injuries, keratoplasty may be required in early stages for tectonic or 
therapeutic purposes and for visual rehabilitation in the late phase. In an inflamed, 
vascularized eye, the risk of graft rejection is higher for the cases undergoing pen-
etrating keratoplasty, therefore anterior lamellar keratoplasty is preferred over full- 
thickness corneal grafting wherever possible, to reduce the risk of endothelial 
rejection. In cases with LSCD, performing a staged procedure with LSCT per-
formed 6 weeks before the corneal transplantation is seen to be associated with an 
80% survival rate after 12 months. This is in distinct contrast to the 25% success 
rate for non-staged procedures [68].

10.8.5  Treatment of the End-Stage Disease

10.8.5.1  Keratoprosthesis
In cases with the end-stage disease which are not suitable for keratoplasty or have 
had multiple failed grafts, keratoprosthesis is the final treatment that can be offered 
to these patients. However, the patient should be thoroughly explained about the 
need for prolonged prophylactic antibiotic therapy, the need for regular replacement 
of the bandage contact lens, long-term complications, and the need for a lifelong 

a cb

Fig. 10.7 Various chronic sequelae after ocular chemical injury in the form of; (a) Total conjunc-
tivalization of the cornea due to extensive limbal stem cell damage. (b) A sterile melt of the cornea 
due to stromal lysis with iris prolapsing inferiorly near the limbus. A flat anterior chamber with the 
presence of a cataractous lens can be noted. (c) kerato-blepharon identified nasally along with 
conjunctivalization of the cornea seen from 6 to 9 clock hours
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follow-up. As mentioned earlier, previously missed, untreated glaucoma remains a 
leading cause of poor visual outcome after a successful keratoprosthesis. The post-
operative management sometimes can be exhaustive and may demand a great deal 
of dedication and patience from the surgeon as well as the patient’s part.

10.8.5.2  Enucleation or Evisceration
This might be required for a worn out, painful blind eye in which all other treatment 
options have been failed.

10.8.6  Experimental Treatment Modalities

More recently proposed treatment agents for promoting corneal wound healing like 
TNF-α antibodies (Infliximab), growth factors (e.g. fibronectin, EGF, retinoic acid), 
subconjunctival progesterone, thiol dipeptides have shown promising results in ani-
mal studies. However, clinical trials will be needed before any of these approaches 
can be considered for human use [64, 69, 70].

Table 10.6 Various techniques for treating limbal stem cell deficiency

Extent of 
LSCD Laterality Procedure Donor source

Need for systemic 
immunosuppression

Partial 
LSCD

Pannus excision with 
AMT

No systemic 
immunosuppression 
requiredTotal 

LSCD
Unilateral 
LSCD

Conjunctival–limbal 
autograft (CLAU)

Limbal stem cells 
harvested from 
the patient’s other 
eye

Cultivated limbal 
epithelial 
transplantation
(CLET).
Simple limbal 
epithelial 
transplantation 
(SLET)
Cultivated oral 
mucosal epithelial 
transplantation 
(COMET)

Graft derived 
from autologous 
oral mucosal cells

Bilateral 
LSCD

Living related 
conjunctival–limbal 
allograft (lr-CLAL),

Limbal stem cells
Harvested from 
an immediate 
family member

Requires systemic 
immunosuppression

Keratolimbal allograft 
(KLAL)

Stem cells 
harvested from 
cadaver eyes

Allogenic cultivated 
limbal epithelial 
transplantation 
(allo-CLET)

Stem cells from a 
donor with 
ex vivo expansion
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The devastating nature of ocular chemical injuries may result in severe personal, 
social, and economic loss to the victim. Many of these injuries are preventable, 
emphasizing the importance of public health measures, education, and safekeeping 
in the prevention of such incidents. Widespread media campaigns may prove help-
ful in educating the public about early irrigation and emergency treatment.

Key Points

• Time to initial irrigation has the greatest impact on the visual prognosis and 
ensures the best possible outcome for this potentially blinding condition.

• In an eye post chemical injury, the degradative and the reparative process are 
ongoing simultaneously. A shift in the balance between the two decides the ulti-
mate outcome.

• Therefore, the treatment aims at reducing the degradative process and accelerat-
ing the reparative process.

• The visual rehabilitation in the form of keratoplasty should be undertaken only 
when the inflammation has subsided and ocular surface reconstruction should be 
performed before the keratoplasty.

• Prevention of such injuries by promoting safety protocols should be the primary 
aim. As the prognosis in severe cases is mostly unfavorable and demands exhaus-
tive efforts from patients as well as the surgeon’s end.
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Keratoplasty is the most common and most successful of all organ and tissue trans-
plants [1, 2]. In this procedure, the diseased host cornea is removed and replaced by 
a corneal graft obtained from a human cadaveric donor. It can involve either full- 
thickness (penetrating keratoplasty, PKP) or partial-thickness (lamellar kerato-
plasty, LK) replacement of the host cornea. In anterior lamellar keratoplasty (ALK), 
only the anterior opacified stromal layer is replaced with an analogous donor tissue. 
While in endothelial keratoplasty (EK), pathogenic host endothelial cell layer is 
swapped with a donor Descemet membrane (DM)-endothelial complex with or 
without the inclusion of stromal layers.

The success of any keratoplasty procedure depends on numerous factors such as 
the etiology, age of presentation, type of surgery, surgical expertise, and patient 
compliance. An overview of complications associated with different keratoplasty 
techniques, presenting as emergencies is described in Table 11.1 [3, 4].

11.1  Intraoperative Emergencies

Intraoperative complications can be either host related or graft related.
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11.1.1  Host Related

11.1.1.1  Posterior Capsule Tear With or Without Vitreous Loss
During combined procedures involving corneal transplantation with cataract extrac-
tion, posterior capsule (PC) can be inadvertently damaged, with or without subse-
quent vitreous loss. This may be more common in open-globe surgeries and in 
individuals with the frail capsule or positive vitreous pressure. Surgical inexperi-
ence and poor corneal visibility during LK can also lead to this complication.

Presentation and Diagnosis
Accidental PC tear during open-globe surgery usually occurs while delivering the 
lens or while aspirating the cortical matter. In lamellar surgeries, the tear may occur 
during phacoemulsification or during sub-incisional cortical matter aspiration.

The margins of the tear can be identified in retro-illumination mode of the micro-
scope and vitreous strands in the anterior chamber (AC) can be assessed by staining 
with triamcinolone acetonide, peaking of previously round pupil or by use of dry 
swab stick at wounds. It is important to maintain a high index of suspicion for this 
complication as it may be easily missed in eyes with overlying corneal haze.

Management
Small capsular tears without vitreous loss can be managed with the placement of an 
IOL either in the bag or in the ciliary sulcus. However, larger tears with vitreous loss 

Table 11.1 Complications associated with keratoplasty

A. Intraoperative
   I. Host related
    Posterior capsule rent
    Suprachoroidal hemorrhage
   II. Donor related
    Reversal
    Loss
    Buttonholing
    Eccentric trephination
B. Postoperative
   I. Common to all keratoplasties
    Anterior segment inflammation
    Wound leak
    Glaucoma
    Suture-related complications
    Persistent-epithelial defect
    Posterior segment complications
    Graft infection
    Graft rejection
    Graft failure
   II. Specific to Lamellar keratoplasties
    Interface-related problems
    Graft detachment
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warrant adequate anterior vitrectomy and intraocular lens (IOL) can be placed in the 
sulcus after assessing the status of the remaining posterior capsule. In the absence 
of adequate ciliary support, scleral fixation of IOL can also be attempted in the same 
sitting by an experienced surgeon. The choice of IOL is usually a three-piece lens 
for better stability. Infrequently, during lamellar surgeries, a single-piece IOL can 
also be placed in the bag in case of small tears. Very rarely, the patient may have to 
be left aphakic in the primary sitting and IOL implantation undertaken in the second 
sitting.

If the crystalline lens dislocates posteriorly, the wounds should be sutured with-
out any delay and immediate help sought from the vitreoretinal specialist. If pars 
plana vitrectomy is not possible during primary sitting due to poor visibility, the 
corneal transplantation is undertaken as planned, and lens removal should be post-
poned to a later date based on corneal clarity. In the interim period, topical and 
systemic steroids should be administered to control the inflammation.

Use of intravenous mannitol preoperatively and general anesthesia intraopera-
tively may be preferred in high-risk patients.

11.1.1.2  Suprachoroidal. Hemorrhage
Suprachoroidal hemorrhage (SCH) is an extremely rare yet, the most feared, intra-
operative complication of keratoplasty. Various risk factors are detailed in Table 11.2.

Presentation and Diagnosis
Intraoperatively, change in red-reflex. should raise suspicion of SCH. While appre-
ciation of brown choroidal mounds succeeded by extrusion of intraocular contents 
suggests SCH in open-globe surgeries. The sudden rise of intraocular pressure 
(IOP) along with excruciating pain, nausea, and vomiting followed by shallowing of 
AC and iris prolapse indicates SCH in closed globe procedures.

Management
The emergency management includes prompt closure of the surgical incision with 
sutures (nylon/Vicryl/silk) along with digital compression of the globe to tampon-
ade the expanding hemorrhage and intravenous mannitol administration for reduc-
ing IOP. Immediate SCH drainage by means of posterior sclerotomies carries the 
risk of rebleed from dislodgement of the clot. It is, therefore, preferable to delay the 

Table 11.2 Risk factors for Suprachoroidal. hemorrhage (SCH)

Systemic risk factors Ocular risk factors
Anti-coagulant drugs
Anti-platelet medications
Advanced age
Uncontrolled hypertension
Atherosclerosis
Cardiovascular disease
Diabetes mellitus
Valsalva-type maneuvre

Sudden decompression of eyeball
History of glaucoma
Axial myopia
Aphakia/Pseudophakia
Prolonged or complicated surgery
Vitreous loss during surgery
History of SCH in the fellow eye
Retrobulbar anesthesia
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surgical drainage till liquefaction of the blood (around 5–14 days later) ensues. This 
can be assessed on serial B-scan ultrasonography. In the interim, ocular hypotensive 
agents (topical, oral, intravenous), topical steroids, topical cycloplegics, and oral 
analgesics can be administered.

Prevention
SCH can be prevented by adequate preoperative screening and management of the 
aforementioned risk factors. Adequate preoperative regulation of glaucoma and sys-
temic hypertension, the institution of intravenous mannitol immediately before the 
surgery and conducting surgery under general anesthesia should be preferred in 
high-risk patients.

11.1.1.3  Descemet Membrane Perforation
Intraoperative perforation of DM is rare but serious complication specific to deep 
ALK. An accidental DM tear may occur while cleaving the pathogenic host stroma 
from the clear residual stroma.

Incidence and Risk Factors
It is reported to occur in 18.7% cases, around 15% of these are microperforations 
(<1 mm) [5]. Most of these occur during deep dissection (31.7%), stromal air injec-
tion (26.7%), and graft suturing (20.8%). It is more commonly seen with novice 
surgeons and thinner corneas.

Presentation
A high index of suspicion must be maintained for diagnosing intraoperative DM 
perforations. While large perforations can result in the frank leak of aqueous through 
the defect followed by abrupt shallowing of AC, small perforations, especially if 
peripheral, may be missed intraoperatively if not identified by fluorescein staining.

Management
Management of DM perforation depends on the size and location of the perforation 
and also on the stage of the surgery at which the perforation occurs. If perforation 
occurs initially during trephination, it is possible to tightly suture the site of perfora-
tion (full-thickness sutures including recipient DM and donor stroma) and continue 
lamellar dissection. If a perforation happens during stromal dissection, a careful 
layer-by-layer dissection can be attempted to prevent conversion to PKP.  Care 
should be taken to dissect in the microperforation region only at the end to avoid any 
extension of the DM tears. DM perforations occurring while suturing are usually 
microperforations and can be managed by resuturing at a fresh site along with intra-
cameral air tamponade.

Small and peripheral perforations can be managed conservatively with intracam-
eral air tamponade, patching of a defect with residual stroma, fibrin glue, or heavy 
viscoelastic substance (VES) and by suturing of the defect. Intracameral air can also 
be injected to temporarily seal the perforation. Postoperatively, the pupil is fully 
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dilated, and the patient is asked to lie supine for 2–3 days during the majority of 
the day.

A large or central perforation may mandate conversion to PKP. Rarely centripe-
tal layered dissection may also be undertaken for such perforations to prevent con-
version to PKP.

Outcome and Prevention
Postoperative outcomes are usually good with minimal effect on visual acuity or 
graft survival. Still, a high index of suspicion should be maintained for shallow AC, 
or double or triple AC formation in the postoperative phase.

In eyes at risk of DM perforations such as healed hydrops and corneal thickness 
<250 μm, general anesthesia and stromal dissection may be preferred over local 
anesthesia and big bubble formation. Accurate preoperative assessment of depth of 
stromal opacification by means of anterior segment optical coherence tomography 
(ASOCT), ultrasound biomicroscopy and intraoperative assessment by real-time 
intraoperative OCT can prevent DM perforation [1].

11.1.2  Donor Related

The corneal donor tissue can get misplaced or damaged during the process. of donor 
preparation (usually undertaken prior to host preparation). The incidence of these 
complications tends to decrease with the surgeon’s experience and caution.

During PKP, a misplaced donor is commonly found adhering to the margins of 
the trephine. Reversed donor orientation while punching can be corrected by noting 
its curvature. These donors should be used cautiously as endothelial viability may 
be compromised in the entire process.

LK procedures are additionally prone to donor buttonholing (tear in donor), 
eccentric trephination (identified by noting irregularly thick graft margins or eccen-
tric trephination marks on the residual donor rim), reversal (ALK grafts have convex 
upwards curvature and EK grafts usually fold inwards towards the stromal side, the 
reversal of these grafts can be identified by noting these findings) and loss, all of 
which can lead to irreversible graft trauma. It is best to defer any host manipulation 
in such cases until fresh tissue is available. Donor buttonholing is usually recog-
nized by the presence of a tear that leaks fluid.

11.2  Postoperative Emergencies

Early postoperative complications usually occur within 1 month after surgery, while 
delayed complications are reported later. Careful clinical examination, high index 
of suspicion, regular use of anterior segment optical coherence tomography, and 
ardent patient compliance can aid in prevention as well as early diagnosis and timely 
management of these complications.
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11.2.1  Complications Common to all Keratoplasties

11.2.1.1  Anterior Segment Inflammation
Anterior segment inflammation is a common finding after any intraocular surgery. 
Normally, mild to moderate AC reaction can also be commonly seen in the early 
postoperative phase of a keratoplasty, particularly PKP.

Risk Factors
Intense inflammation may sometimes be witnessed when concomitant procedures 
such as cataract extraction, IOL implantation, iris-related maneuvers, and anterior 
vitrectomy are undertaken. This risk may be less with LK procedures as these are 
relatively closed-chamber procedures that involve less trauma to the iris tissue.

Types
Depending on the indication and type of surgical procedure, anterior segment 
inflammation can present in varying grades of severity comprising of fibrin forma-
tion, toxic anterior shock syndrome (TASS), and Urrets-Zavalia syndrome (UZS).

TASS is an intense anterior segment inflammatory reaction secondary to the 
inadvertent introduction of potentially toxic non-infectious agents in anterior cham-
ber. Incorrectly constituted intracameral preparations with inappropriate chemical 
composition, concentration, pH, or osmolality. Antibiotics, anesthetic agents, dena-
tured VES, have been implicated in causing TASS. Organic contaminant residues in 
reusable cannulas, detergents, or non-ionized water employed for cleaning instru-
ments, oxidized metal deposits are other causes. Rarely, the reaction can also occur 
to intracameral drug injection, capsule staining dyes and due to inadvertent seeping 
of antibiotic-steroid ointment instilled at the end of the surgery. The hallmark fea-
tures include moderate to severe anterior uveitis, diffuse corneal edema, and raised 
IOP in the immediate postoperative phase. It. can be differentiated from postopera-
tive acute endophthalmitis by its early onset (TASS usually manifests on the first 
postoperative day) and absence of posterior segment involvement.

UZS is a rare complication of corneal transplantation associated with mydri-
atic use in the immediate postoperative period. In deep ALK and EK, pupillary 
block due to large intracameral air bubbles can also lead to UZS. The presumed 
cause is iris tissue ischemia secondary to elevated IOP or inflammation. In the 
acute phase, UZS is associated with a fixed dilated pupil with or without adher-
ence to the anterior lens capsule. Later on, formation of peripheral anterior syn-
echiae (PAS), iris atrophy, anterior subcapsular cataract and secondary glaucoma 
can occur in UZS.

Management
The primary treatment of excess inflammatory response such as fibrin formation 
and TASS involves the urgent institution of intensive steroid therapy (topical ± oral/ 
intravenous). High-potency steroids such as prednisolone or dexamethasone are 
preferred for topical application. They are begun on an hourly basis and then slowly 
tapered based on the clinical response. Additional methods of management such as 
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cycloplegic agents, anti-glaucoma drugs, tissue plasminogen activator (smallest 
effective dose), hyphema drainage, synechiolysis, and iridectomy/iridoplasty can be 
supplemented whenever necessary. The most important step in preventing TASS is 
to formulate TASS prevention protocols and regularly train surgical staff about ade-
quate cleaning and sterilization of ophthalmic surgical instruments. Switching to 
single-use disposable instruments is also an effective way to prevent contamination 
of ophthalmic instruments during cleaning and sterilization.

UZS involves immediate withdrawal of cycloplegic agents and the institution of 
topical steroids to control the inflammation. The dilated pupil in UZS does not 
respond to pilocarpine, sympatholytic agents or to alpha-adrenergic blockers and 
hence the treatment is directed towards the symptomatic control of glare and photo-
phobia. Cosmetic contact lenses can be employed for this purpose, and these also 
help in the concealment of anisocoria. Synechiolysis and surgical pupilloplasty can 
also be attempted to release PAS and mechanically pull the peripheral iris centrally. 
Certain steps such as thorough wash of VES and avoidance of massive intracameral 
air injection in phakic patients at the end of the surgery, cautious use of cycloplegic 
agents, adequate control of IOP and inflammation in the immediate postoperative 
phase may aid in preventing the occurrence of UZS. Sometimes iridectomy may be 
indicated in eyes with increased vitreous pressure, shallow AC, or the presence of 
voluminous air or gas in the AC.

11.2.1.2  Wound Leak
Wound leaks in the early postoperative period can occur from surgical incisions, 
suture tracts, or graft-host junction. A low IOP with or without a shallow AC should 
raise suspicion of a wound leak [6]. This is best diagnosed by positive Seidel test on 
fluorescein staining.

Wound leaks in the late postoperative phase can occur after trauma-associated 
wound dehiscence. More severe cases can witness gross hypotony, iris prolapse, 
loss of lens/IOL, choroidal detachment (CD) and loss of eyeball. These are less 
common with LKs due to the superior globe strength offered by residual partial- 
thickness host tissue.

Any wound leak deems urgent attention due to the risk of endophthalmitis and 
graft failure. In eyes with well-formed AC, conservative management such as pres-
sure bandage and soft contact lens can be undertaken. These temporary measures 
can also be employed initially for eyes with shallow AC. However, if these methods 
fail, the definitive treatment involves securing the wound with sutures (intermittent 
10-0 nylon sutures) or tissue adhesives (fibrin glue or cyanoacrylate glue). The pro-
lapsed iris tissue should be excised if it is >24-h old or associated with signs of 
necrosis. Rarely, regrafting is required to salvage the globe's integrity.

Wound leaks, if untreated, can lead to endophthalmitis, endothelial cell loss, 
graft failure, suboptimal visual gain, fistula formation, and epithelial ingrowth due 
to astigmatism. These can be prevented by ensuring good wound construction at the 
beginning of the surgery and their adequate closure at the end of the surgery. Newer 
techniques of wound construction, such as femtosecond laser, can also decrease the 
incidence of wound leaks.
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11.2.1.3  Glaucoma
Glaucoma is a sight-threatening complication and can lead to irreversible visual loss 
from optic nerve head damage [7]. Early postoperative rise of IOP can occur due to 
retained VES in the AC, intense anterior uveitis, hyphema, pupillary block, endo-
phthalmitis, and worsening of pre-existing glaucoma. While delayed-onset glau-
coma can be added due to vitreous in AC, progressive PAS formation, steroid use, 
epithelial ingrowth, and graft rejection.

Presentation
Acute onset rise of IOP due to pupillary block, PAS, and intense inflammation may 
be associated with sudden onset sleep-disturbing pain, nausea, vomiting, ocular 
congestion and loss of vision. While patients with chronic glaucoma are usually 
asymptomatic and present with constricted visual field or loss of central vision only 
in late phases. It is therefore important to measure IOP and evaluate optic nerve 
head status at every follow-up. Given the inaccuracy of Goldmann applanation 
tonometry in eyes with corneal edema and surface irregularities, Mackay-Marg 
electronic tonometer or dynamic contour tonometer is recommended to measure 
IOP in post-keratoplasty patients. Automated perimetry should also be undertaken 
whenever possible.

Management
The use of topical medications to control IOP remains the first-line treatment of 
post-keratoplasty glaucoma. Topical and systemic anti-glaucoma medications such 
as beta-adrenergic blockers (Timolol maleate 0.5% or Betaxolol 0.5% two times/
day), alpha-2 adrenergic agonists (Brimonidine tartarate 0.2% two times/day), oral 
carbonic anhydrase inhibitors 250 mg three times/day), and osmotic agents (intra-
venous Mannitol 20% 1–2 g/kg, oral Glycerol 50% 1–1.5 g/kg) should be adminis-
tered for control of IOP. The choice of therapy relies on the experience and discretion 
of the treating ophthalmologist.

However, the adverse effects of the above medications and their effect on graft 
survival must be considered before instituting the therapy. Beta-adrenergic blockers 
can lead to superficial punctate keratopathy, exacerbation of dry eyes and corneal 
anesthesia that can be detrimental to the graft. Alpha-2-adrenergic agonists are asso-
ciated with allergic reactions, superficial punctate keratopathy and dry eyes. It is 
preferable to not use miotics as they aggravate inflammation and can stimulate graft 
rejection besides increasing the risk of retinal detachment in aphakics. Caution 
should also be exercised while administering prostaglandin analogs as they may 
result in uveitis, CME and reactivation of herpes simplex keratitis. Long-term use of 
topical carbonic anhydrase can lead to graft decompensation due to damage to 
donor endothelial cells, while their systemic use can cause tinnitus, gastrointestinal 
disturbances, paraesthesia, anorexia, nephrolithiasis and blood dyscrasias. Besides, 
all topical agents should be used judiciously as these can cause preservative 
(Benzalkonium chloride 0.01%) induced secondary epitheliopathy. Steroid-induced 
glaucoma involves either tapering of the ongoing steroids or shift to a lower potency 
steroid along with administration of anti-glaucoma agents.
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Surgical modalities such as laser trabeculoplasty, peripheral iridectomy, filtering 
surgery supplemented with metabolites such as mitomycin C, tube shunts and 
cyclocryotherapy can be undertaken at the earliest for refractory cases to prevent 
donor failure and permanent blindness. The underlying cause, if any, should also be 
dealt with simultaneously. For example, PAS formation can be managed by 
syncehiolysis.

The risk of graft rejection is increased after filtering or tube surgery as the drain-
age site may provide a conduit for retrograde passage of inflammatory cells into the 
AC. Besides, postoperative complications such as shallow AC, iridocorneal touch, 
tube-endothelial touch may accelerate the process of graft failure.

Pupillary block glaucoma in the early postoperative phase is diagnosed by the 
presence of a shallow peripheral AC, deep central AC, 360° posterior synechiae, iris 
bombe, and PAS. A large air bubble left at the end of the surgery is an important 
cause of this condition. For air-induced pupillary block, intravenous injection of 
mannitol and pupillary dilatation allow air bubbles to move anteriorly and relieve 
the block. If not responding to conservative management, air bubbles can be brought 
anteriorly by tapping the iris with a Sinskey hook [8]. The routine use of mydriatic 
drops at the end of the surgery, titration of an air bubble that can clear the edge of 
the dilated pupil and inferior peripheral iridectomy can decrease the chances of 
postoperative pupillary block.

11.2.1.4  Suture Related Complications
Suture-related complications such as loose/broken/tight sutures, exposed suture 
knots, and suture abscess can cause wound leak, graft infection, graft rejection or 
astigmatism and need removal or replacement of affected sutures depending on 
wound healing (Figs. 11.1 and 11.2). If infected, the suture should be sent for micro-
biological evaluation after removal.

Fig. 11.1 Loose sutures 
post deep ALK
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Suture-related immune infiltrates are quite common in the early postoperative 
period and are differentiated from suture-related infections by their occurrence 
along with the host site of multiple suture tracts with an absence of an overlying 
epithelial defect.

While infections mandate immediate administration of antibiotics in a treatment 
similar to graft infection (described later), benign infiltrates usually resolve with an 
increased corticosteroid regimen similar to graft rejection (described later).

11.2.1.5  Persistent Epithelial Defect
The intact epithelium is essential for undisturbed wound healing and subsequent 
graft survival. Persistent-epithelial defects (PEDs) occur due to delayed/absent epi-
thelial healing for more than 14 days and are relatively less common with EK pro-
cedures due to intact epithelial integrity [9, 10].

Risk Factors
Risk factors include prior ocular surface diseases, reactivation of herpetic keratitis, 
graft infection/rejection, and preservatives used in topical medications. Age 
>60 years, graft diameter >9 mm, and presence of comorbid systemic diseases, such 
as Rheumatic diseases, Diabetes mellitus, and cancer therapy are additional risk 
factors. To prevent PEDs, the best attempts should be made to preserve the donor 
epithelium during surgery.

Management
PEDs are usually refractory to standard therapy such as topical lubricants, prophy-
lactic antibiotics, and steroids, and oral Tetracyclines. The current standard manage-
ment includes a stepwise strategy of conservative management followed by an 
escalation of medical or surgical therapies if non-responsive.

Sodium hyaluronate-based preservative-free lubricant therapy (hourly artificial 
tears and ointments), pressure patching, and bandage contact lens should be 

Fig. 11.2 Suture-related 
infection post deep ALK
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attempted first. They not only lubricate the cornea but also minimize the risk of 
mechanical erosion from constant lid movement.

The next step involves the application of a punctal plug (permanent silicone or 
temporary collagen plugs), that will increase retention of tear-film and associated 
growth factors required for corneal epithelial healing.

Surgical interventions such as debridement and tarsorrhaphy (temporary suture 
tarsorrhaphy, or injection of Botulinum toxin A into Levator palpebrae superioris) 
are tried next. The former aids in the migration of new epithelial cells by removing 
inert and necrotic tissue from the margins of the PED, while the latter decreases the 
exposure of cornea by the closure of palpebral fissure. Temporary fibrin glue appli-
cation with patching therapy can also be tried for re-epithelization.

Amniotic membrane grafting has proven to be extremely useful for PEDs. 
Amniotic membrane has anti-inflammatory properties, provides a mechanical scaf-
fold for re-epithelialization, and contains many growth factors, proteinase inhibitors 
and proteins that facilitate corneal wound healing. Autologous serum drops 
(Patient’s serum is diluted by 20% or 50% and used every 3 h daily) consisting of 
many growth factors, and whole blood-derived products, such as umbilical cord 
blood serum and platelet-rich fibrin tears, can also be used for treating PEDs. 
Recently, novel treatments such as topical fibronectin, Thymosin beta 4 (Tβ4) and 
Nexagonare are also being tried for refractory PEDs.

Outcome
If not treated timely, PEDs can progress to graft melt, perforation, neovasculariza-
tion, infection, and failure. On resolution, anterior stromal scarring, and thinning 
can result in corneal astigmatism, thereby compromising visual gain.

11.2.1.6  Posterior Segment-Related Complications
Posterior segment complications are of infrequent occurrence as compared to ante-
rior segment complications. However, they are a significant threat to graft outcome 
and are associated with a substantial risk of compromised visual potential. 
Endophthalmitis, Choroidal detachment (CD), retinal detachment (RD) and cystoid 
macular edema (CME) are posterior segment-related complications 
post-keratoplasty.

Endophthalmitis
Endophthalmitis is a rare but serious sight-threatening complication that can occur 
both in the early and late postoperative period [11, 12]. Around 27% of cases occur 
within the first 1 week of surgery, while 27% and 46% cases between 1 and 4 weeks 
and beyond 1 month, respectively. The incidence of endophthalmitis is greater post-
 EK than with PKP (0.23% after PKP vs. 0.34% after EK). The likelihood of graft 
survival is only 27% [11–14].

Causative Organism
Microorganisms commonly associated with postoperative endophthalmitis include 
Gram positive bacteria (82%, coagulase-negative Staphylococcus species), Gram 
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negative bacteria (9%, Streptococcus species), fungal species (9%, Candida albi-
cans), and miscellaneous organisms. Fungal endophthalmitis usually presents 
months after the surgery, whereas bacterial endophthalmitis presents early.

Risk Factors
Endophthalmitis is seen to be associated with both donors as well as host-related 
factors. The potential risk factors include PED, wound leak, graft infection, con-
taminated sutures, trauma, and secondary intraocular surgeries. The cause of donor’s 
death, unsterile tissue retrieval practices, and indication for corneal transplantation 
also play a role in the occurrence of this complication.

Presentation and Diagnosis
A patient with acute endophthalmitis characteristically presents with sudden onset 
painful loss of vision, along with redness, watering, and photophobia. Lid edema, 
conjunctival congestion, corneal edema, uveitis and secondarily raised IOP are 
other clinical features. While patients with chronic endophthalmitis usually pres-
ent with mild congestion and gradual onset diminution of vision. The diagnosis is 
aided by visualization of vitreous exudates on fundoscopy or on B-Scan 
ultrasonography.

Management
Urgent vitreous tap followed by administration of broad-spectrum intravitreal anti-
biotics (Vancomycin 1 mg in 0.1 mL, Ceftazidime 2.25 mg in 0.1 mL, and Amikacin 
0.4 mg/0.1 mL) in combination should be undertaken to salvage visual and struc-
tural integrity. Antifungal agents (Amphotericin B 5 μg in 0.1 mL, Voriconazole 
50  μg in 0.1  mL) should be administered in suspected cases. Vitreous samples 
obtained at the beginning of the surgery should be sent for microbiological exami-
nation inclusive of antibiotic susceptibility such that the treatment may be changed 
accordingly. Steroids in any route are absolutely contraindicated in fungal cases. 
For bacterial endophthalmitis, systemic steroids can be instituted along with antibi-
otic treatment.

Pars plana vitrectomy (PPV)can also be undertaken depending on the severity of 
the disease and clinical response. Eyes presenting with extremely poor vision (light 
perception) and eyes not responding to initial treatment are best handled by early 
PPV. A graft exchange may be required in eyes with poor corneal visibility or ante-
rior extension of posterior infection.

Prevention
Prevention of endophthalmitis involves intraoperative painting of ocular surface 
with 5% Povidone-iodine solution and preoperative management of risk factors 
such as blepharitis, meibomitis, canaliculitis, keratitis sicca, etc., and use of prophy-
lactic antibiotics (Moxifloxacin 0.5% four times per day form 3 days before sur-
gery). The role of intracameral antibiotics at the end of the surgery for the prevention 
of endophthalmitis is also regarded as an important measure.
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Choroidal Detachment
Choroidal detachment can present as a rare complication due to conditions that 
result in low IOP. Wound leak and unquantified dosage of aqueous suppressants are 
important causes of the same.CD can infrequently present in the early postoperative 
phase. It can be either serous CD or hemorrhagic CD.

Serous CD is suspected by the presence of hypotony (IOP <6 mmHg) in the 
absence of wound leak or shallow AC. They are usually self-limiting and can be 
managed medically with intensive topical steroid therapy and cycloplegic agents 
(atropine three times per day or homatropine four times per day). Oral steroids can 
be administered to battle anterior and posterior uveitis, if any. If choroidal detach-
ment persists longer than 1 week, drainage of the suprachoroidal fluid should be 
considered. However, an immediate drainage is indicated when the lens touches the 
corneal endothelium. While, hemorrhagic CD overlies a raised IOP and shallow AC 
and requires drainage if it persists for >3 days, has angle closure, pupillary block, or 
other related complications. CDs can be appreciated on ophthalmoscopy as domed 
shape elevations restricted by vortex veins. B-scan ultrasonography confirms their 
diagnosis and aids in differentiating serous from hemorrhagic CDs (hyperreflective 
internal nodules reflect blood clots).

Retinal Detachment
Retinal detachment is an infrequent complication after corneal transplantation. RD 
after keratoplasty can be associated with high myopia, prior history of retinal 
detachment or ocular surgery, or intraoperative posterior dislocation of lens/IOL 
Additionally, patients who have had a complicated surgical procedures with vitre-
ous handling are also at an increased risk of postoperative RD. High index of suspi-
cion is required for RD which mandates urgent surgical intervention for preventing 
further loss of vision.

Cystoid Macular Edema
CME is more common in eyes with excess inflammation due to intraoperative 
manipulations or secondary interventions. Diagnosis of CME requires high index of 
suspicion as it may be missed in patients with suboptimal visual gain. These can be 
detected easily on macular OCT and fundus fluorescein angiography. Treatment 
includes topical nonsteroidal anti-inflammatory therapy (Ketorolac tromethamine 
0.5%, Indomethacin 1%, and Diclofenac 1%,) or Corticosteroid therapy. Intravitreal 
injection of corticosteroids such as Triamcinolone acetonide and vascular endothe-
lial growth factor inhibitors such as Bevacizumab, Ranibizumab, etc. Corticosteroid- 
based intravitreal implant (Dexamethasone, Triamcinolone acetonide and 
Fluocinolone acetonide biodegradable) and focal retinal laser can also be under-
taken in resistant cases.

11.2.1.7  Graft Infection
Graft infection following corneal transplant surgery is a devastating corneal 
emergency with a potential for graft failure and poor visual outcome in the 
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majority of patients. The infection usually occurs during the first six postopera-
tive months. Early infection may arise because of recurrence of the host disease, 
infected donor tissues, or intraoperative contamination. While the late infection is 
usually caused by pathogens that are acquired from the environment. The inci-
dence of graft infection after keratoplasty varies from 1.76% to 7.4%. Common 
causative organisms include bacteria (Staphylococcus, Pseudomonas, 
Streptococcus), fungi (Candida, Aspergillus, Fusarium) and herpes virus (pri-
mary or reactivation) (Fig. 11.3).

Risk Factors
Graft infection in the early postoperative period can occur due to transoperative 
contamination of the surgical field or donor graft or incomplete excision of infected 
tissue [13]. Other risk factors include PEDs, contact lens usage, suture-related com-
plications, steroid use, ocular surface disease, older age, and diabetes mellitus and 
other immunosuppressive disorders.

Management
Post-keratoplasty microbial keratitis is challenging to manage, and donor rim cul-
tures are rarely helpful. The treatment includes sending infected graft tissue for 
appropriate microbiological examination and starting broad-spectrum fortified anti-
biotics (Cefazolin 5%, Tobramycin 1.3%), which can later be modified based on 
drug sensitivity results and clinical response. Antifungal therapy (Natamycin 5%, 
Voriconazole 1%, Amphotericin B 0.15%) should be started for patients with sus-
pected mycotic keratitis. The topical therapy is started on an hourly basis which is 
tapered according to patient response. Appropriate oral antibiotics should also be 
administered without any delay. Topical steroids should be temporarily stopped and 
resumed once the infection subsides. In case of an imminent rejection, systemic 
steroids should be administered. Re-graft should be considered for extensive 
infections.

Fig. 11.3 Graft infection 
post PKP; Herpetic 
keratitis in this case
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Outcome
Graft infection can lead to graft opacification, graft rejection, graft failure, endo-
phthalmitis, glaucoma, and phthisis bulbi if not managed timely.

11.2.1.8  Graft Rejection
Allograft rejection ensues when the donor antigens initiate a cascade of immune 
modulatory changes in the host. Host antigen-presenting cells carry allo-antigens 
from the grafted tissue to the draining lymph nodes of the recipient via lymphatic 
vessels. Despite being an immune-privileged tissue, the cornea is prone to immune- 
mediated rejection like any other tissue transplant (Fig.  11.4) [8, 14–17]. 
Histologically, corneal graft rejection involves infiltration of donor tissue by CD4+ 
T-cells, macrophages, neutrophils, and natural killer cells (NK cells) and the inva-
sion of blood and lymphatic vessels.

Incidence
The incidence of a graft rejection episode varies from 4% to 20% after low-risk PKP 
and 5.3–14% after Deep ALK (stromal rejection only). The incidence of rejection is 
low with LKs due to the less amount of antigenic load transferred. Five-year rejec-
tion episode rates are 7.9% after Descemet’s stripping EK and 2.3% after DMEK [8, 
14–17]. The incidence decreases with proper case selection, with a lesser amount of 
antigenic load transferred (PKP > Deep ALK> Descemet stripping EK > DMEK) 
and use of prophylactic steroids and immune suppressants (Cyclosporine and 
Azathioprine). The peak time for immunologic rejection occurs between 12 and 
18 months after surgery.

Risk Factors
Risk factors include prior failed grafts, corneal neovascularization, active uveitis, 
glaucoma, PAS, large grafts, eccentric grafts, and young age (highly active immune 

Fig. 11.4 Graft rejection 
post PKP; Note differential 
graft edema and keratitic 
precipitates
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system). Additional risk factors for EK include cessation of topical corticosteroids 
and African-American descent.

Types
Depending on the duration, it is classified as hyperacute, acute, or chronic rejection. 
The hyperacute rejection is extremely rare and occurs within the first few days of 
transplantation. While acute and chronic rejection can occur weeks, months, or 
years later. While the majority of acute rejections post PKP are symptomatic, 
approximately 2/3rd and 1/3rd patients with rejected deep ALK and EK grafts, 
respectively, are diagnosed incidentally. Different types of corneal graft rejections 
are discussed in Table 11.3.

Management
Corticosteroids remain the mainstay of management, and hourly administration of 
topical steroids (Prednisolone acetate 1%, Dexamethasone 0.1%, Difluprednate 
0.05%) should be undertaken immediately. These are then tapered gradually to a 
maintenance dose of one drop per day according to the extent of the resolution of 
the rejection episode. Single-dose pulse therapy with 100 mg Dexamethasone or 
500 mg of Methylprednisolone in 150 mL of 5% dextrose solution as a slow intra-
venous infusion over 1–2 h can also be administered. Some eyes may be addition-
ally treated with intracameral or sub-Tenon’s injections. Oral steroids are not 
typically used to treat acute corneal graft rejection episodes. Infrequently, 
Bevacizumab injection, inhibitors of insulin receptor substrate-1, corneal collagen 

Table 11.3 Types of immune-mediated corneal graft rejection

Type Symptoms Signs Management
Epithelial 
rejection

Asymptomatic – Elevated epithelial 
rejection line that stains 
with fluorescein or rose 
Bengal present
– Supepithelial infiltrates
– Absent with endothelial 
keratoplasty

Conservative

Stromal 
rejection

Decrease in vision – Accompanied with 
endothelial rejection
– Circumciliary congestion, 
stromal haze and edema in 
a previously clear graft
– Absent with endothelial 
Keratoplasty

– Urgent pulse intravenous 
steroid + Intensive topical 
steroid therapy
– Cycloplegics, osmotic 
agents, antiglaucoma 
medications

Endothelial 
rejection

Pain, redness, 
photophobia, 
decrease in vision

– Endothelial rejection line 
(Khodadoust line)
– Keratic precipitates
– Anterior uveitis
– Circumciliary congestion
– Differential stromal 
edema

Same as stromal rejection
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crosslinking, photodynamic therapy, and fine-needle diathermy may be used to tar-
get neovascular endothelial cells and blood vessels.

Outcome
Although most patients with acute graft rejection respond successfully to medica-
tion management, around 25% may eventually require graft replacement.

11.2.1.9  Graft Failure
Donor failure signifies loss of donor function due to any cause [8, 18]. In primary 
graft failure (PGF), the donor fails to clear at any time after surgery (till 2 weeks 
post PKP, 3 months post-EK). It usually results from unhealthy donor tissue, pro-
longed donor tissue preservation time, or transoperative trauma (related to surgeon’s 
experience and surgical complexity such as the presence of anterior chamber IOL, 
large iridectomies, and filtering tubes). In EK procedures, iatrogenic PGF can occur 
due to endothelial damage during tissue preparation and manipulation (insertion, 
centration and attachment).

Secondary graft failure can occur anytime beyond the duration of PGF, and any 
post-surgical complication can lead to donor failure. The incidence depends on the 
type of surgery, etiology, surgical expertise, recognition, and management of com-
plications, and patient compliance for follow-up.

Management
A re-graft (LK, PKP or kerato-prosthesis) can be undertaken after graft failure 
based on the endothelial function, stromal clarity, and number of previous failures 
and their cause. It is advisable to wait for at least 6 months to 1 year before a repeat 
grafting is performed.

11.2.2  Complications Specific to Lamellar Keratoplasties

Lamellar keratoplasties have garnered much attention over the last decades owing 
to inherent advantages such as preservation of globe integrity and elimination of 
endothelial graft rejection and less stringent donor quality criteria. However, 
interface- related complications and donor detachments are unique to LK and pose a 
constant risk of corneal emergencies in the postoperative period.

11.2.2.1  Interface-Related Problems
Interface is created after LKs due to horizontal graft-host apposition (compared to 
vertical graft-host apposition in PKP) [19]. Figure  11.5 is illustrative of various 
interface-related problems.

Interface Fluid
Interface fluid accumulation may present as double or triple AC formation after 
ALK. These can be seen after intraoperative macro or micro perforations of DM and 
can be managed conservatively (shallow diffuse fluid collections, localized fluid 
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pockets) or with intracameral air injection (large fluid collection, fluid persisting for 
weeks), based on the height and duration of the fluid. This is unlike retained VES 
that rarely resolves spontaneously and requires drainage.

Interface Bleed
Interface bleed may arise from trauma to the iris or corneal blood vessels. It usually 
resolves spontaneously, but sometimes may lead to interface haze or graft detach-
ment. Topical steroids can be increased in frequency to hasten the absorption of 
blood constituents.

Interface Infection
The interface is a possible dead area where microorganisms can multiply without 
being detected by the host’s immune system [20, 21]. Infection in interface might 
come from either the host or the graft. Because of the deep-seated nature of the infil-
trates, the sequestration of the pathogens and scanty penetration of the currently 
available antimicrobial drugs usually results in a delayed diagnosis. Fungal keratitis 
is more common than bacterial or viral keratitis, and it typically manifests as white 
interface infiltrates that are not accompanied by considerable inflammation. Initially, 
conservative therapies such as topical antimicrobials and antibacterial interface irri-
gation may be used. However, most of the time condition is progressive, and the 
disease is difficult to control. Usually, it might necessitate partial graft excision, graft 
removal, graft exchange, or even penetrating keratoplasty. Highly virulent organisms 
can cause infection to spread quickly, necessitating evisceration in some cases.

Epithelial Ingrowth
Migration of epithelial cells with the graft or through ill-apposed incisions can lead 
to epithelial ingrowth in the interface that may extend deeper into the AC, 

Interface

Bleed Fluid Visoelastic

Interface haze

Graft exchange Penetrating keratoplasty Kerato-prosthesis

Poor ocular surface/
multiple failures

Haze involving host +
graft

Haze involving graft
only

Infection
Epithelial
ingrowth

Fig. 11.5 Interface-related complications and management
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particularly, if vitreous is attached to the wound. It is diagnosed clinically by its 
classic appearance of the nest of cells and by histopathological analysis. Treatment 
may range from observation of small epithelial nests not involving the visual axis to 
graft replacement for severe cases. Scraping of epithelial cells with mitomycin C 
application and laser-induced resolution has also been tried in literature. Minimizing 
the use of venting incisions and appropriate closure of all surgical incisions may 
help in preventing this complication.

11.2.2.2  Graft Detachment
The most common complication following EK is graft dislocation [8]. The reported 
incidence varies with different studies and can range from 1.5% to 35%. Risk fac-
tors include prior glaucoma surgery, surgical inexperience, postoperative hypotony, 
eye rubbing, interface fluid or retained VES, and DM folds. Usually, the graft 
detachment is detected within the first postoperative week, but occasionally, it may 
be detected after several weeks.

Many strategies such as scraping off the peripheral donor bed, air tamponade, 
supine positioning postoperatively, venting incisions, and suturing of side port inci-
sions have been described to reduce the rate of graft detachment. Peripheral detach-
ments ≤1/3rd graft surface area and not affecting the visual acuity may be managed 
conservatively. Intracameral air injection (re-bubbling) followed by strict supine 
positioning remains the mainstay of management. Long-acting gases such as sulfur 
hexafluoride (SF6) and perfluoropropane (C3F8) may be required for prolonged tam-
ponade in eyes with large, persistent, and inferiorly placed graft detachments. The 
presence of residual interface fluid may require venting incisions. In extremely rare 
cases with posterior dislocation of graft (eyes with aphakia, scleral/iris-sutured IOL 
with PC tear), prompt pars plana vitrectomy with lenticule removal is performed to 
prevent subsequent visual deterioration. Majority of graft detachments respond re- 
bubbling. In few cases where multiple re-bubbling attempts fail, a repeat EK or PKP 
may be required due to PGF.

11.3  Conclusion

It is not uncommon to experience corneal emergencies associated with corneal 
transplantation both in intraoperative and postoperative periods. Corneal emergen-
cies encountered during corneal transplantation range from less serious entities like 
wound leak, postoperative inflammation and epithelial defect to more serious ones 
like graft infection, failure, and posterior segment complications. High index of 
suspicion and appropriate management remains the most important consideration 
while managing such cases to salvage visual and structural integrity.

Key Points

• The emergencies associated with keratoplasty can be intraoperative or 
postoperative.
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• Intraoperative complications can be host related such as posterior capsular tear 
and suprachoroidal hemorrhage or donor related such as graft loss, damage, 
reversal, and buttonholing.

• Intense anterior segment inflammation, wound leak, glaucoma, suture-related 
complications, persistent-epithelial defect, posterior segment complications and 
graft infection/rejection/failure can be witnessed in the postoperative phase of 
any type of keratoplasty.

• Deep ALK procedures are particularly prone to intraoperative DM perforations 
and postoperative interface-related problems.

• EK procedures are prone to intra and postoperative graft detachment and 
dislocation.

• A familiarity with possible complications and knowledge of proper management 
techniques is important to promote long-term graft survival.
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12.1  Introduction

Corneal transplantation is among the most frequently performed and successful 
solid organ transplant procedures due to the relative immune privilege of the cornea. 
In 2019, approximately 85,600 corneal transplantation were performed in the USA 
[1]. Although traditional full-thickness penetrating keratoplasty is commonly per-
formed, the past decade has witnessed an increasing trend towards lamellar corneal 
surgery, which provides better rates of graft survival, rejection reversibility, and 
visual outcomes [2]. The cornea is immunologically privileged being avascular and 
free of lymphatics, which prevents access of the immune system to the cornea. In 
addition, there is low expression of major histocompatibility antigen (MHC I & II) 
in the cornea, besides anterior chamber associated immune deviation (ACAID) [3]. 
This explains the high success rates of full-thickness penetrating keratoplasty with 
one- year survival rate of about 90% and 15-year survival rate of 55% in avascular, 
non- inflamed recipient cornea [4]. Immune-mediated corneal graft rejection still 
remains the most common cause for graft failure in the late post-operative period. 
Although the risk of rejection is lower with newer lamellar keratoplasty procedures, 
epithelial, subepithelial, and stromal immune reactions can occur following deep 
anterior lamellar keratoplasty (DALK), and endothelial immune reactions with 
Descemet stripping automated endothelial keratoplasty (DSAEK) or Descemet 
membrane endothelial keratoplasty (DMEK).

This article discusses in detail the incidence, risk factors, pathogenesis, clinical 
presentations, treatment, and recent advances in the management of corneal graft 
rejections.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5876-1_12&domain=pdf
https://doi.org/10.1007/978-981-16-5876-1_12#DOI
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12.2  Incidence

Depending on the research design, risk factors for rejection, and the type of trans-
plantation procedure done, the rate of graft rejection ranges from 2.3 to 68 per cent 
in the literature [5]. At a 5-year follow-up, the Cornea Donor Study (CDS) found 
that 23% of individuals experienced one rejection episode and 37% of these eyes 
had graft failure [6]. Graft rejection occurs in 33% of cases, according to the 
Australian Corneal Graft Registry [7]. In the presence of stromal neovascularisa-
tion, higher rejection rates up to 32% as has been reported as opposed to 14 per cent 
in avascular or mildly vascular corneas [8]. After the first, second, and third regrafts, 
patients may have rejection rates of 40, 68, and 80%, respectively [9].

Low-risk grafts have a near 90% 2-year survival rate, with survival rates of 90 
and 82% after 5 and 10 years post-transplant [10]. Endothelial keratoplasty treat-
ments such as DSAEK or DMEK have a low endothelial rejection rate of 10% to 4% 
and are frequently responsive to topical corticosteroids due to the absence of donor 
epithelium and stroma, as well as the lack of direct contact of donor endothelium 
with limbal vasculature [11, 12]. In eyes having Descemet stripping endothelial 
keratoplasty (DSEK), the risk of rejection was shown to be increased with African- 
American ethnicity (five times relative risk) and pre-existing glaucoma (two times 
relative risk) [13]. Because the healthy host endothelium is preserved with anterior 
lamellar keratoplasty, such as DALK, there is no risk of immune-mediated endothe-
lial rejection. Immune reactions in the subepithelial and stromal layers can still 
occur, with reported rates ranging from 1 to 24% [14]. With DALK, the 3-year 
cumulative rate of stromal rejection episode was found to be 10% [15].

12.3  Risk Factors for Corneal Graft Rejection

12.3.1  Donor Characteristics

Donor cornea characteristics do not significantly affect rejection rates. Collaborative 
Corneal Transplantation Study (CCTS) did not find benefit of Human Leukocyte 
Antigen (HLA) matching, and proposed ABO matching in high-risk corneal trans-
plantation to reduce risk of allogenic rejection [9]. Other studies have shown pro-
longed graft survival in type 1 HLA matched corneal transplant cases and recommend 
HLA matching for high-risk corneal grafts [4]. CCTS also did not find any impact 
on graft outcomes related to donor preservation methods and gender mismatch 
between donor and recipient.

12.3.2  Host Characteristics

12.3.2.1  Host Bed Vascularisation
Corneal neovascularization is one of the most important causes of corneal allograft 
rejection. In the presence of stromal neovascularisation, rejection rates rise from 
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14% in avascular or mildly vascular corneas to 32% in vascularised corneas [8]. 
Deep stromal blood vessels in two or more quadrants of the recipient cornea are 
considered high risk. The presence of stromal vascularization in all four quadrants 
doubles the risk of rejection, enhances the severity of the immune response, and 
shortens the time it takes for the graft to be rejected [9]. High-risk grafts account for 
about 10% of all grafts.

12.3.2.2  Failed Grafts
The risk of graft rejection increases with regraft, CCTS recognised this risk to be 
1.2 for each successive graft [9]. Patients may have rejection rates of 40%, 68%, and 
80% after first, second, and third regrafts [9]. This is usually related to pre sensitisa-
tion from previous graft, besides vascular host bed and increased inflammatory 
response to repeat surgery.

12.3.2.3  Pre-Existing Disease
Herpetic keratitis, uveitis, atopic dermatitis, and other inflammatory conditions 
increase the risk of immune reactions. Primary allograft rejection rates have been 
reported to be 29% in the first year and 46% at 2 years in eyes with a history of 
herpetic keratitis [16].

Pre-operative glaucoma, prior glaucoma surgery or other complex anterior seg-
ment surgery, iris synechiae, vitreous adhesions all increase the risk of rejection in 
the transplanted graft [7, 9]. Ocular surface disease, dry eye, limbal stem cell defi-
ciency and neurotrophic keratopathy has been shown to increase the risk of graft 
rejection. Vernal keratoconjunctivitis increases the risk of stromal rejection follow-
ing DALK [17].

12.3.3  Technical Factors

Large and eccentric grafts are associated with an increased risk of rejection owing 
to their close proximity to the limbus. Loose or broken sutures can predispose to 
vascularisation and localised inflammation and increased risk of rejection.

12.3.4  Other Factors

Younger age is associated with an increased risk of rejection due to a combination 
of a robust immune response and delayed reporting or recognition of rejection 
episodes [9]. Blood transfusions may also increase the risk of rejection episodes. 
There is also an increased risk of rejection during and after pregnancy [18]. 
Gender incompatibility has recently emerged as an important risk factor for graft 
rejection and failure. Cornea from a female donor can be used for male or female 
recipients without any increased risk, however, cornea from a male donor should 
not be used in female recipients as it is associated with increased risk of graft 
rejection [19].
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When any of these risk factors are present, the patient should be considered at 
high risk for graft rejection, and any episode of inflammation should be suspected 
of being graft rejection and treated appropriately unless proven otherwise.

12.3.5  Low Risk Penetrating Keratoplasty

Penetrating keratoplasty performed in conditions with low-risk of graft rejection is 
mainly due to relatively preserved corneal immune and (lymph)angiogenic privileges 
seen in non-inflammatory and non-vascular diseases like keratoconus and Fuchs’ 
endothelial dystrophy. Endothelial rejection is the most common type of rejection 
observed in such conditions, with most of the rejection episodes occurring between 11 
and 18 months after PK [20]. Long-term low-dose topical steroids have been observed 
as a protective factor for reduced risk of rejection in such a scenario [21].

12.4  Pathogenesis

The immunological response of the host is directed towards antigens in the donor 
cornea, resulting in corneal graft rejection. This immune response can be directed at 
one or more layers of the cornea (epithelial, stromal, and endothelial) or can be 
directed against all the layers. Although epithelial and stromal rejection may typi-
cally be reversed, endothelium rejection causes irreversible loss of optical clarity 
and can lead to permanent graft failure [6]. Rejection begins with the host’s sensiti-
sation to donor antigens (induction phase), in which antigen-presenting cells (APC, 
dendritic cells) directly or indirectly sensitise T cells and stimulate proliferation in 
draining lymph nodes. Immune effectors are delivered to the graft via blood capil-
laries during the efferent phase. It is a T cell-dependent effector mechanism (CD4+ 
& CD8+ T cells) that causes graft rejection by releasing inflammatory cytokines 
such as interleukin (IL-2, IL-4, IL-10), and interferon gamma (IFN—Ƴ) [5].

12.5  Clinical Presentation

Corneal graft rejection can have varied clinical presentations depending on the 
involvement of layers of the cornea [4, 5, 8]. Early recognition of clinical features is 
critical in the effective management of graft rejection.

12.5.1  Symptoms

The patient usually presents with symptoms of blurred vision, pain, redness, water-
ing, and photophobia. However, a majority of patients may remain asymptomatic in 
the early phase of graft rejection, especially with lamellar keratoplasty procedures 
such as DALK, DSAEK, or DMEK.
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12.5.2  Signs

Clinical features can vary depending on the type of corneal transplantation and the 
severity of the rejection episode. Circumciliary congestion along with anterior uve-
itis and raised intraocular pressure can be associated with graft rejection and be 
present before clinical appearance of cellular infiltrates in the cornea.

12.5.2.1  Epithelial Rejection
Epithelial rejection is usually asymptomatic / mildly symptomatic and seen in the 
early post-operative period up to 3 months. It is characterised by an elevated undu-
lating line of greyish epithelium, staining with Fluorescein or Rose Bengal dye. 
This represents a region of the destruction of donor epithelium, which is finally 
replaced by host epithelium (Fig.  12.1). Acute epithelial defects associated with 
inflammation may be a presenting sign of graft rejection in children [22].

12.5.2.2  Subepithelial Rejection
This is characterised by small, discrete subepithelial infiltrates (Krachmer spots), 
similar to those seen with Adenoviral epidemic keratoconjunctivitis, however, lim-
ited only to donor cornea (Fig. 12.2). These lesions are an early sign of rejection and 
can often be associated with endothelial rejection.

12.5.2.3  Stromal Rejection
Stromal rejection rarely occurs in isolation, and usually associated with neovascu-
larisation. It presents with peripheral full-thickness haze or infiltrate along with 
circumlimbal injection in a previously clear graft. This is usually located at the graft 
host junction and can progress towards the central cornea. Stromal rejection can be 
seen after DALK with stromal oedema and neovascularisation (Fig. 12.3).

a b

Fig. 12.1 Slit-lamp photograph showing acute epithelial rejection in a corneal graft. Note the 
elevated line of the opaque epithelium (arrow) (a), seen better under cobalt blue light using fluo-
rescein dye (b)
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12.5.2.4  Endothelial Rejection
Endothelial rejection is the most common presentation in eyes post PK. It presents 
with mild to moderate anterior chamber reaction, in association with endothelial 
rejection line (Khodadoust line), which consists of mononuclear white cells that 
damage the endothelium (Fig 12.4a). Left untreated, this line progresses across the 
endothelial surface of the graft over several days. The donor cornea appears clear in 
front of this line and oedematous behind it. It can also present with scattered keratic 
precipitates, anterior chamber reaction and diffuse corneal oedema (Fig  12.4b). 
Endothelial rejection is an emergency situation that requires prompt treatment for 
the survival of the corneal graft. The clinical presentation is usually milder follow-
ing endothelial keratoplasty procedures such as DSAEK or DMEK, with keratic 
precipitates occurring only on the transplanted endothelial layer (Table 12.1) [13, 
23–29]. Graft oedema occurs secondary to endothelial dysfunction and anterior 
chamber inflammation; hence corneal pachymetry can be used to monitor onset or 

Fig. 12.2 Slit-lamp 
photograph showing acute 
epithelial rejection in a 
corneal graft with 
subepithelial infiltrates 
(Krachmer spots)

a b

Fig. 12.3 Slit-lamp photograph showing (a) corneal vascularization and oedema along with 
keratic precipitates (KP) post DALK—stromal rejection (b) resolution of oedema and KP’s after 
initiation of corticosteroid therapy
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response to therapy of graft rejection. Change in endothelial cell morphology in 
eyes post- DMEK has been suggested as an early marker of rejection episodes and 
may prompt early intervention to prevent subsequent graft failure.

12.5.3  Differential Diagnosis

Various conditions can often make it difficult to diagnose graft rejection due to 
identical clinical presentations. Epithelial and subepithelial lesions can occur with 
adenoviral or Herpes simplex keratitis. Herpetic keratouveitis is most difficult to 
differentiate from endothelial rejection unless associated with dendriform epithe-
lial lesion or endothelial keratic precipitates which extend beyond the donor graft. 
Low- grade infections can be associated with stromal haze or oedema, anterior 
chamber inflammation and keratic precipitates, which can be confused as graft 
rejection. Epithelial in growth can mimic an endothelial rejection line with overly-
ing oedema; however, it is not associated with significant anterior chamber 
inflammation.

12.6  Treatment

Early initiation of intensive therapy greatly improves the chances of reversing the 
rejection episode and maintaining graft clarity. Clinical management usually 
depends on the type and severity of graft rejection (Fig. 12.5). Corticosteroid ther-
apy using topical, periocular, or systemic administration is the mainstay of treat-
ment for acute corneal allograft rejection [30].

a b

Fig. 12.4 Slit-lamp photograph showing acute endothelial rejection in a corneal graft. (a) shows 
the Khodadoust line of keratic precipitates (arrow) with oedema behind the line and clear cornea 
ahead of the rejection line, (b) diffuse keratic precipitates across the entire corneal graft
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Epithelial and subepithelial rejections in isolation are usually self-limiting, and 
in symptomatic patients can be managed using topical corticosteroids (prednisolone 
acetate 1% or dexamethasone 0.1%) 4–6 times daily till resolution of rejection, fol-
lowed by a gradual tapering of topical steroids [31]. Topical lubricants can be added 
for symptomatic relief as well.

Stromal rejection without endothelial involvement can be managed using topical 
corticosteroids using a similar regimen of four–six times daily. A close watch is 
essential during treatment to rule out any possibility of endothelial rejection.

Endothelial rejection has to be treated more aggressively as the damage to donor 
endothelium is usually irreversible. Corticosteroids therapy is the treatment of 
choice, including topical and systemic routes of administration.

 – Topical corticosteroids (prednisolone acetate 1% or dexamethasone 0.1%) are 
usually started every hour while awake and as frequently as possible during the 
night, for the first 2–3 days, followed by every 2 h till signs of rejections start 
resolving. Subconjunctival injection of corticosteroids (0.5  mL of 4  mg/mL 
dexamethasone) can also be considered in non-compliant patients. Thereafter a 
gradual tapering over several weeks to few months is done depending on the 
original indication for corneal graft and response to therapy. Steroid ointment 
can be used at bedtime as the regimen is tapered. If no clinical response is seen 
after at least 4–6  weeks of intense topical therapy, it is likely that the graft 
has failed.

 – Additional topical therapy would include cycloplegics (homatropine 2% or atro-
pine 1% once or twice daily), intraocular pressure-lowering agents to maintain 
normal eye pressure. The benefit of using topical Cyclosporin 2% for acute rejec-
tion episodes is still unclear due to delayed onset of action.

Acute Rejection

Epithelial / Sub-epithelial

DALK / PKP
Differential diagnosis
 - Adenoviral nummular keratitis
 - Microsporidial keratitis
 - Herpetic epithelial disease
 - Pseudodendrite

Topical
 - Corticosteroids
 - Lubricants

Topical
 - Corticosteroids Q2H
 - Cycloplegics
 - Anti glaucoma medication
 - Lubricants

Topical
  - Corticosteroids QIH
  - Cycloplegics
  - Anti glaucoma medication
Systemic
 - IV Methylprednisolone
 - Oral Prednisolone

PKP / DSAEK / DMEK
Differential diagnosis
 - Herpetic keratouveitis
 - Endophthalmitis
 - Epithelial ingrowth

DALK / PKP
Differential diagnosis
 - Herpetic stromal disease
 - Infective keratitis

Stromal Endothelial

Fig. 12.5 Differentials to be considered and treatment options available for the episodes of acute 
graft rejection depending on the type of rejection
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 – Systemic administration of corticosteroids, especially pulsed intravenous (IV) 
steroid therapy, seems to be more effective compared to oral steroids in reversing 
endothelial rejection [32]. Improved graft survival rates have been noted with the 
use of pulsed steroids (IV administration of single dose of 500  mg 
Methylprednisolone) within 8 days of onset of rejection. The other advantages of 
pulsed steroid therapy being reduced risk of subsequent rejection episodes and 
avoiding prolonged administration of oral steroids. Alternatively IV dexametha-
sone (100  mg) can also be used and has been found to be as efficacious as 
Methylprednisolone (500 mg) in reversing endothelial rejection episodes [33]. 
Oral Prednisolone is usually started at a dosage of 60–80 mg daily for 1–2 weeks 
before tapering. If systemic corticosteroids are contraindicated, subconjunctival, 
or posterior sub tenon’s injection of Triamcinolone acetonide injection in combi-
nation with topical steroids can be used for the treatment of endothelial rejection 
episode [34].

 – Topical Cyclosporine A (CsA) has been used extensively for the management of 
graft rejection, however, majority of studies have failed to demonstrate any ben-
efits regardless of the concentration used or duration of therapy [35, 36].

Intraocular pressure should be monitored closely and treated appropriately, as 
it can often be raised secondary to intraocular inflammation or used to frequent 
topical steroids. Chronic systemic use of corticosteroids can be associated with 
Diabetes, weight gain, osteoporosis, and hypertension, hence has to be used judi-
ciously for long-term immunosuppression. Systemic immunosuppression using 
agents such as Cyclosporine [37], Mycophenolate mofetil, Tacrolimus, 
Azathioprine, in high-risk grafts can lead to improved graft survival but can be 
associated with side effects such as impaired renal or hepatic function and bone 
marrowsuppression.

12.6.1  Response to Treatment

Corneal thickness being a principal marker of endothelial function remains an 
important measure of response to treatment making pachymetry a useful tool for 
monitoring of same. Response to treatment in cases of endothelial rejection can be 
monitored by serial pachymetry along with improvement in other clinical param-
eters evaluated with slit lamp. Clinical features which need to be examined com-
prise of visual acuity, intraocular pressure, anterior chamber reaction and corneal 
clarity. They appear to be deranged during an episode of graft rejection, while 
showing remarkable improvement with response to treatment. Endothelial rejec-
tion usually presents with varying grades of corneal edema and anterior chamber 
inflammation, ranging from mild to marked. Appropriate and timely treatment 
improves the clinical parameters with subsequent quantified improvement in cor-
neal thickness.
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12.7  Prophylaxis

Topical steroids, either Prednisolone acetate 1% or Dexamethasone phosphate 
0.1%, are the most commonly used medications for effective immune prophylaxis 
following resolution of a rejection episode. Difluprednate, a novel strong synthetic 
steroid, is now being considered in high-risk eyes [31]. Duration of therapy depends 
on the type of graft, with high-risk grafts often requiring maintenance dose for an 
indefinite period.

CsA is a macrolide agent with powerful immunosuppressive activity, which 
modulates T cell function. Calcineurin inhibition reduces the production and release 
of pro-inflammatory cytokines like IL-2, IL-4, and TNF-alpha, as well as the activ-
ity of CD4+ and CD8+ cells. Although systemic CsA is highly efficient in prevent-
ing immunological rejection in solid organ transplantation, it has had mixed results 
in high-risk corneal grafts. Long-term (more than 1 year). CsA therapy appears to 
improve graft survival over short-term therapy. Recommended systemic dosage is 
15 mg/kg/day for 2 days followed by 7.5 mg/kg/day for 2 days, then adjusted to 
2–3 mg/kg/day to maintain blood trough levels of 120–150 ng/mL for 6 months. 
Because of probable nephro- and hepato-toxicity, changes in glucose metabolism, 
hypertension, and gingival hyperplasia, the use of CSA is confined. Additionally, 
owing to its variable absorption, monitoring of liver function and renal function 
tests should be done regularly. Topical CsA usage (concentration varying from 
0.05–2%) is indicated in cases of steroid-induced glaucoma, to reduce the usage of 
topical steroids for immune prophylaxis. In high-risk patients and in patients with 
steroid-induced elevated IOP, dosing frequency of five times a day is recommended 
both pre- and postoperatively. Tacrolimus 0.03% ointment has a beneficial effect on 
immune prophylaxis.

Other immunosuppressive agents which can be used in high-risk grafts for the 
prevention of rejection episodes include Azathioprine, Mycophenolate mofetil, 
Tacrolimus (FK-506), and Rapamycin (Sirolimus) [38]. Numerous studies have 
shown variable outcomes when used alone or in combination with steroids. Systemic 
monitoring is essential to monitor the side effects of these agents, which appears to 
limit their safe usage for long-term duration.

Azathioprine prevents cell replication by inhibiting purine synthesis during a 
specific phase of the cell cycle. It is effective in the early stages of rejection when 
given orally at a dose of 1–2 mg/kg/day in combination with topical corticosteroids, 
minimising the requirement for high-dose systemic corticosteroids and their accom-
panying systemic problems. During maintenance therapy, complete blood counts 
and liver function tests are mandatory. However, due to potential complications like 
bone marrow suppression, thrombocytopenia, leukopenia, hepatocellular necrosis, 
increased risk of neoplasia and alopecia, use of Azathioprine for prevention of cor-
neal graft rejection is limited.

Mycophenolate mofetil (MMF) is a pro-drug of the active substance 
Mycophenolic acid (MPA). It is a potent inhibitor of Inosine monophosphate 
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dehydrogenase and resultant selective inhibition of T and B lymphocyte prolifera-
tion. It is given in dose of 1.5–2  gm/day. Infection, anaemia, leukopenia, and 
gastrointestinal upset are the most commonly reported side effects. Blood cell 
counts must be monitored in order to diagnose any systemic infection timely. 
Tacrolimus (FK-506) is a more potent agent than CsA, which has a similar mecha-
nism of action but fewer systemic side effects. At a dose of 0.16  mg/kg/day 
(2–12 mg daily), it is beneficial in preventing allograft rejection and in preventing 
rejection in high-risk corneal and limbal grafts. The main side effects associated 
with long-term usage are headache, malaise, gastrointestinal upset and renal 
toxicity.

Rapamycin being lipophilic in nature allows better corneal penetration and is 
more potent than CsA and FK-506. It inhibits immunophilic activity, interferes with 
IL-2 induced signals and suppresses T cell activation at the level of lymphokine 
production. It is given in dosage of 0.5–1 mg/kg/day to maintain a plasma level of 
3–4 ng/mL.

Anti-VEGF drugs, particularly Bevacizumab (Avastin), have been utilised to 
minimise corneal neovascularization and increase graft life in high-risk transplants. 
Subconjunctival or intrastromal injections have been used to deliver it [39]. Although 
these medications have no role in the treatment of acute graft rejection, they can be 
used to minimise the overall risk of future episodes once the rejection episode has 
been resolved.

Newer evolving therapy includes targeted therapy using monoclonal antibodies 
against T cell antigens. Daclizumab and Basiliximab both target the IL-2 receptor 
on activated T cell to inhibit T cell proliferation [38]. Monoclonal antibodies in 
combination with CsA have shown to be effective to prevent immune rejection epi-
sodes and maintain clear grafts for up to 25 months [30].

Clinical observations show that penetrating keratoplasty without preceding res-
toration of limbal stem cell function increases the chances of graft rejection in 
patients with severe or complete LSCD [40, 41]. Outcome of acute graft rejection 
depends on the interval between the onset of the rejection episode and initiation of 
medical therapy. According to various research, reversibility percentages range 
from 63 to 92% [32, 42]. When compared to low-risk grafts, the associated high- 
risk factors also reduce recovery rates.

12.8  Prevention

The beneficial role of HLA & ABO matching is still not clear but it can be consid-
ered when dealing with a high-risk graft to improve graft survival, especially in a 
mono-ocular patient. Pre-operative use of corticosteroids, subconjunctival, or intra-
stromal anti-VEGF agents and fine-needle diathermy have been shown to be effec-
tive in reducing stromal vascularization. Immunomodulation to reduce the 
immunogenicity of corneas has been attempted by transfection of endothelial cells 
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to over-express down-regulatory cytokines, such as IL-10 and IL-12 [43]. Usage of 
acellular glycerol-cryopreserved donor cornea for DALK can help avoid stromal 
and epithelial rejection compared to fresh corneal donor tissue in eyes with a high 
risk of rejection [44]. Another option is to use gamma-irradiated donor cornea for 
DALK in these situations [45]. Interrupted sutures using 10-0 monofilament nylon 
with burying of the knot on the donor side is the preferred suturing technique in 
high-risk cases.

12.9  Summary

Corneal graft rejection remains the most important factor limiting the successful 
outcome of corneal transplantation. The pathophysiology of corneal graft rejection 
is highly complex despite several advances being made in understanding the mecha-
nisms involved. Pre-operative screening, choice of transplantation procedure includ-
ing newer lamellar keratoplasty procedures, post-operative medications, and patient 
counselling for compliance with medications and follow-up visits, play a vital role 
is maintaining a clear corneal graft and avoiding rejection episodes. Identification of 
high-risk patients, attention to clinical risk factors, donor selection with HLA or 
ABO compatibility and gender match, especially in a mono-ocular patient can be 
considered preoperatively to reduce the risk of rejection. Early detection of rejec-
tion and aggressive therapy is vital, especially with high-risk grafts. Corticosteroids 
still remain the mainstay therapy for managing acute rejection episodes and post- 
operative immune prophylaxis. Other immunosuppressive therapyhas shown prom-
ise in immune prophylaxis and prevention of rejection episodes and needs further 
evaluation. Future development of targeted biologic therapy may provide new ave-
nues in the treatment of acute graft rejection with minimal side effects and sustained 
therapeutic effects for graft survival.

Key Points

 1. Corneal transplantation is one of the most frequently performed solid organ 
transplants with high success rates.

 2. Immune privilege of the cornea is reduced in high-risk keratoplasty. Such cases 
require a combination of pre-operative planning, intra-operative surgical modifi-
cations and adequate post-operative immunosuppressive therapy for a successful 
outcome.

 3. Topical corticosteroids remain the mainstay of treatment for prophylaxis and 
treatment of graft rejection. Pulsed therapy with IV Methylprednisolone is pre-
ferred over oral corticosteroids for reversing acute endothelial rejection.

 4. Immunosuppressive therapy seems to be useful for high-risk grafts in combina-
tion with corticosteroids, however, frequent monitoring is necessary for systemic 
side effects.
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13Post-Surgical Corneal Wound Dehiscence

Saumya Yadav, Noopur Gupta, Neiwete Lomi, 
and Radhika Tandon

13.1  Introduction

Partial or total separation of previously approximated wound edges can occur either 
spontaneously or more commonly following trauma. Cornea is exposed to the envi-
ronment, and this makes it vulnerable to traumatic insults. A vascularity of the cor-
nea is responsible for slow and ineffective healing and remodelling of corneal 
wounds [1, 2]. Most cases of corneal wound dehiscence occur within the first few 
weeks of surgery when healing is still in the early stages but can even occur decades 
after initial surgery [3, 4]. Any factor that contributes to poor wound healing can 
also cause wound dehiscence, e.g. ischemia, infection, glucocorticoid use, increased 
abdominal pressure, diabetes, malnutrition, smoking, radiation exposure and obe-
sity [5, 6]. Early identification and re-suturing of dehiscence are important for pre-
venting the progression of dehiscence and consequent complications. Complete 
wound dehiscence with herniation of intraocular contents is an undesirable event 
necessitating evisceration surgery.

13.2  Corneal Wound Healing

Corneal healing mechanisms are guided by complex molecular pathways and 
involve a complicated, dynamic process of cell death, migration, proliferation, dif-
ferentiation and extracellular matrix remodelling [7]. Different cells of cornea, i.e. 
epithelial, stromal, and endothelial display similar and cell-specific healing pro-
cesses. For the regeneration of epithelium, epithelial cells are repopulated by limbal 
stem cells. Corneal stroma, which constitutes more than 90% of corneal thickness 
and is the major contributor to corneal mechanical strength, heals by the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5876-1_13&domain=pdf
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transformation of keratocytes into fibroblasts and myofibroblasts. Endotheliumheals 
mainly by migration of residual endothelial cells with cell proliferation playing a 
minor role [7]. Bowman’s layer cannot regenerate and once damaged results in the 
formation of scar. Any disruption of these healing mechanisms can lead to an inad-
equately healed wound with reduced tensile strength [2].

13.3  Wound Dehiscence Following Corneal Surgeries

13.3.1  Penetrating Keratoplasty

A full-thickness graft offers visual rehabilitation to patients with severe corneal 
blindness but leaves a structurally weak graft host junction. In literature, incidence 
of post-traumatic graft dehiscence is reported to range from 0.6%to 5.8% [8]. As 
corneal graft host junction never regains the tensile strength of the intact cornea and 
remains vulnerable even if the wound appears to be fully healed, patients with a 
full-thickness graft carry a life-long risk of graft dehiscence [9–11]. Although the 
maximum risk is in the early post-operative period wherein a blunt trauma to the 
globe can lead to graft dehiscence with sutures in situ, the longest case of post- 
traumatic graft dehiscence has been recorded to occur 33 years post-keratoplasty 
[4, 12].

13.3.1.1  Clinical Features
Patients commonly present to the ophthalmic emergency with complaints of sudden 
onset diminution of vision, pain, and/or bleeding and expulsion of intraocular con-
tents in severe cases. A history of either a blunt force trauma (punch) to the face, 
being struck by an object, vigorous rubbing of eyes, finger trauma, fall or lifting of 
heavy objects can often be elicited. The dehiscence can be partial thickness or full 
thickness and can involve one or more quadrants.

13.3.1.2  Types of Graft Dehiscence
Post-PK graft dehiscence is of four main types: post-traumatic, suture-related, 
infectious keratitis related, and spontaneous wound dehiscence with post-traumatic 
cases being the most common type. Suture-related and spontaneous wound separa-
tions usually occur in the early post-operative period, when the wound healing is 
inadequate, either due to improper wound apposition or premature suture removal. 
Post-traumatic and infections related cases can occur any time after the surgery [13].

13.3.1.3  Predisposing Factors
Long-term steroid usage increased intraocular pressure, early suture removal and 
multiple grafts are the most important risk factors for graft dehiscence [4]. Post- 
keratoplasty patients are kept on topical steroid treatment for years, and sometimes 
for life; this weakens the graft host junction’s integrity and puts it at risk of dehis-
cence, especially after suture removal. Uncontrolled high intraocular pressures 
post-PK either as a result of response to steroids or secondary angle closure can 
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result in the separation of wound edges with intact sutures. Suturing techniques and 
suture materials can also play a role. Wound dehiscence is reported to be more com-
mon after removal of continuous suture than interrupted sutures [4, 14]. Nylon 
suture material is associated with lower tissue reactivity and thus makes the wound 
integrity weaker and more prone to separation compared to silk material [15].

13.3.1.4  Management
Management protocol to follow in a case of corneal wound dehiscence is outlined 
in Fig. 13.1. Surgical repair of the dehisced graft remains the only means to restore 
the globe’s integrity. Depending upon the extent of wound disruption and graft sta-
tus, either a prompt primary re-suturing of the corneal graft with anterior chamber 
reformation (Figs. 13.2 and 13.3) or graft exchange is done. Post-operatively, fre-
quent instillation (2–4 hourly) of topical steroids is needed to curtail the risk of graft 
rejection. Secondary surgeries may be required to manage the complications.

13.3.1.5  Outcomes
Surgical restoration of the globe integrity within several hours of the event usually 
restores pre-dehiscence visual acuity in suture-related and spontaneous cases. Post- 
traumatic cases tend to have a poor prognosis wherein the force of trauma, involve-
ment of intraocular structures, and extent of posterior segment injuries determine 

Corneal Wound Dehiscence

Spontaneous Suture related Post-traumatic

Assess extent of
wound disruption

Primary surgical
repair

Corneal scraping
and culture
sensitivity

Fortified antibiotics

Cyanoacrylate glue
and bandage
contact lens

Posterior segment
complications and

intraocular structure
damage

•  Visual acuity: PL+/No PL
•  Time interval between trauma
   and repair
•  Retinal +/- choroidal detachment
•  Expulsive choroidal haemorrhage

Secondary
surgeries

Prognostic factors

Therapeutic patch
graft

Infection related

Fig. 13.1 Flowchart outlining the management protocol to be followed in a case of corneal wound 
dehiscence
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Fig. 13.2 Line diagram illustrating a case of graft dehiscence (upper left) extending up to 4 clock 
hours with uveal tissue prolapse (red arrow), the irregular pupil (blue arrow) and broken sutures 
(yellow arrow). An immediate surgical repair of the dehiscence includes reposition of prolapsed 
iris using an iris repositor (upper left). After ensuring a circular pupil with no incarceration of iris 
tissue in the wound (lower left), anterior chamber is formed, and wound is sutured (lower right)

Fig. 13.3 Clinical picture of the left eye of a patient with post-traumatic dehiscence of a penetrat-
ing keratoplasty graft, extending 4 clock hours in infero-temporal quadrant, with uveal tissue pro-
lapse and broken sutures (black arrow) (left). An immediate re-suturing of the graft was done to 
restore the globe integrity (right)
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the final visual acuity obtained (Table 13.1) [4, 12, 16]. In such cases, an initial re- 
suturing of the graft with subsequent management of the complication is recom-
mended. Corneal graft edema, graft rejection, failed graft, endophthalmitis can 
ensue and result in a grim prognosis [17, 18].

13.3.2  Lamellar Keratoplasty

Intact Descemet’s membrane of the host in deep anterior lamellar keratoplasty 
(DALK) offers the advantage of reduced risk of graft rejection and greater biome-
chanical stability compared to full-thickness grafts. Compared to PK patients, 
DALK patients are less prone to develop full-thickness ruptures of graft host junc-
tion because of the reinforcement provided by the Descemet’s membrane against 
the traumatic insults. Any separation of the wound, if noted, is managed along with 
the same guidelines as those for dehiscence of full-thickness grafts. Patients with 
lamellar grafts have less severe complications and better visual outcomes after 
dehiscence repair than those with full-thickness grafts [19, 20].

13.3.3  Repaired Corneal Perforation

Similar to graft host junction of penetrating keratoplasty, healed corneal scars of 
repaired perforations are inherently structurally weak. A repaired corneal wound is 
expected to obtain 80% of its original tensile strength over 2 years; with time, the 
scars become opaque and fibrotic but never regain the pre-injury tensile strength of 
normal cornea [2]. Improper wound apposition, poor suturing techniques, uveal tis-
sue and vitreous incarceration in the wound, and epithelial ingrowth further weak-
ens the tensile strength of corneal scars, which can reopen following a blunt force 
trauma to the eye.

13.3.3.1  Management
Immediate surgical repair of the wound with either reposition or excision of the 
prolapsed uveal tissue is recommended. Care should be exercised so as to remove 
any vitreous from the wound. Subsequent surgeries may be required to manage the 
resulting complications, e.g. secondary cataract removal, pars-plana vitrectomy for 
vitreous haemorrhage, vitreoretinal surgery for retinal detachment and trabeculec-
tomy for secondary glaucoma.

Table 13.1 Factors affecting final visual outcome in post-keratoplasty graft dehiscence

Prognostic factors for post-keratoplasty graft dehiscence

   • Extent of injury
   • Time interval between injury and treatment initiation
   •  Involvement of intraocular structures (e.g. irididodialysis, subluxation or expulsion of 

crystalline lens, and/or intraocular lens)
   •  Posterior segment injuries (vitreous loss/haemorrhage, suprachoroidal hemorrhage, retinal 

detachment)

13 Post-Surgical Corneal Wound Dehiscence



280

13.3.4  Cataract Surgery

With the advent of modern minimally invasive cataract surgery, late dehiscence of 
cataract wounds have become a thing of the past and is mostly seen in the post- 
traumatic disruption of extracapsular cataract surgery (ECCE) incision wounds [21, 
22]. A longer interval between surgery and trauma is reported to have a worse visual 
outcome, probably because greater traumatic force is required to cause the dehis-
cence of a wound, which is more structurally stable, causing more severe intraocu-
lar damage [23].

13.3.4.1  Predisposing Factors and Preventive Measures
Inadequate wound construction in phacoemulsification and SICS and incomplete 
wound closure in ECCE can lead to early wound leak. A large incision in the clear 
cornea, especially if not three planar self-sealing incision or an irregularly dissected 
tunnel, may not be self-sealing and may require sutures [21]. Excessive cautery and 
incarceration of iris or vitreous into the wound prevents adequate closure, promotes 
wound leak in early phases and results in the inadequately healed wound. Paediatric 
eye pose an additional challenge as reduced scleral rigidity of paediatric eyes 
increases chances of wound leak and inadequate wound healing due to poor apposi-
tion of edges, therefore incisions should always be sutured after paediatric lens 
aspiration.

13.3.4.2  Management
A shallow anterior chamber and hypotony on the first post-operative day should 
arouse suspicion of a wound leak due to inadequate wound closure, and the same 
should be confirmed on Seidel’s test. Immediate suturing of such wounds is required 
in operation theatre settings to reduce the risk of infection. Before suturing, a wound 
sweep with a sponge or wet swab should be done to rule out any incarceration of 
vitreous. Any incarcerated iris should be reposited. Such cases of early wound leaks, 
if timely managed, generally have good outcomes. Post-traumatic cases are often 
associated with damage to intraocular structures and an inferior prognosis.

A cystoid cicatrix an untoward complication following a surgical incision at the 
limbus wherein dehiscence of the limbal wound occurs, and instead of a frank pro-
lapse, the uveal tissue gets incarcerated in the dehisced wound, forming a dew-drop 
lesion (Fig. 13.4). Cystoid cicatrix can form a persistently filtering bleb resulting v 
chronic hypotony or can rupture following trauma requiring a tectonic patch 
graft [24].

13.3.5  Refractive Surgery

Radial keratotomy was a widely practiced refractive procedure before the advent of 
modern laser refractive surgeries. Unsutured incisions of radial keratotomy (RK) 
reduce ocular integrity permanently and are at a great risk of opening up with even 
minimal blunt force [25]. Several studies have documented that the radial 
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keratotomy incisions indefinitely remain incompletely healed [26]. Because of the 
proximity of RK incisions to the visual axis, dehiscence along radial incisions tend 
to extend along the thin central corneas of these patients (Fig. 13.5) [27]. RK inci-
sions also pose a challenge during other ocular surgeries and can open up while 
performing phacoemulsification or PK [28]. Because of the unpredictable refractive 
results, high rate of visual complications and aforementioned risks, RK is now con-
sidered an obsolete procedure.

Lasik in situ keratomileusis (LASIK) flap dislocations can occur any time after 
the surgery and have reported incidence of 1–2% [29]. Flapshifts in the early 

Fig. 13.4 Slit-lamp 
photograph of a case of 
cystoid cicatrix developed 
following trauma 3 weeks 
after phacoemulsification. 
Supero-temporal wound 
dehiscence (black arrow) 
with cystoid appearance 
can be seen, and irregularly 
up drawn pupil indicates 
incarceration of the iris 
tissue into the dehisced 
wound

Fig. 13.5 Clinical photograph of post-traumatic rupture of radial keratotomy (RK) incisions 
(white arrows) extending from limbus to limbus (left). Partial dehiscence of incisions (red arrow) 
is also seen. Intraoperative photograph (right) shows repaired dehiscence of the RK incisions using 
cross sutures and formed anterior chamber with central air bubble (right)
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post- operative period (1 week) may result even due to minor trauma such as squeez-
ing or rubbing of eyes. Relatively significant force is required for late flap disloca-
tions. Traumatic flap dislocations have been reported to occur upto14  years 
post- surgery [29].

13.3.5.1  Risk Factors and Preventive Measures
As the majority of the cases of flap dislocation occur within the first 24 h following 
surgery, intraoperative and early post-operative care becomes of utmost importance. 
Poor intraoperative positioning and excessive irrigation of the flap can result in a 
poorly positioned flap in the early postoperative period and should be avoided. 
Adherence to the flap should be checked at the end of the procedure. Patients should 
be properly counselled regarding postoperative care. Avoidance of rubbing and 
squeezing of eyes should be emphasised. If necessary, use of eye shield for the first 
24  h may be advised. Adequate lubricants should be prescribed in patients with 
dry eye.

13.3.5.2  Management
Dislocated LASIK flaps should be treated as an emergency and managed in the 
operating room. An immediate refloatation and repositioning of the flap with irriga-
tion along with flattening of any associated folds is required to prevent the forma-
tion of fixed folds or epithelial ingrowth. In the event of a persistent fold, suturing 
of the flap may be required. A bandage contact lens may be placed to further reduce 
the chances of flap wrinkling [30]. In cases with rupture of multiple RK incisions, 
sometimes primary re-suturing of the incisions might not be feasible, and instead, 
an emergency penetrating keratoplasty needs to be planned. Therefore, access to an 
optical grade donor cornea should be ensured before taking such patients to the 
operation theatre.

13.4  Conclusion

Post-surgical wound dehiscence is an uncommon but serious complication follow-
ing corneal surgeries. Depending upon its extent, wound disruption can cause severe 
irreversible damage to visual function. Importance of the prevention of ocular 
trauma must be emphasised to all patients undergoing ocular surgeries. Post RK/
keratoplasty/repaired corneal perforation patients should be advised to wear protec-
tive polycarbonate glasses or eye shields and avoid activities (e.g. contact sports) 
that pose a risk of ocular trauma. Intact corneal sutures, if are not inducing signifi-
cant astigmatism, may be indefinitely left in situ, especially in patients at high risk 
of dehiscence.

Key Points

• Corneal wounds never regain their pre-incisional/injury tensile strength.
• Non-penetrating or small incision surgical techniques should be adopted to mini-

mise the risk of wound dehiscence and severity of complications.
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• Immediate surgical intervention and suturing of the wound are required to restore 
the globe integrity and prevent further damage.

• Patients undergoing corneal surgeries should be properly counselled to prevent 
ocular trauma and use protective eyewear.
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14Contact Lens-Associated Emergencies

Vijay K. Sharma, Nidhi Kalra, and Rajesh Sinha

14.1  Introduction

Contact lenses have improved the quality of life of patients by virtue of their 
therapeutic, optical, and cosmetic attributes. In patients with keratoconus and 
irregular corneas such as post keratoplasty and trauma, contact lenses can correct 
refractive errors which are otherwise not correctable by glasses. The use of cos-
metic contact lenses provides a better appearance. Other advantages of contact 
lenses include symptomatic improvement of dry eye patients as in Steven Johnson 
syndrome and Sjogren syndrome, promote healing among post anterior lamellar 
corneal transplants and persistent epithelial defects as well as providing less 
restriction in activities compared to glasses. Contact lenses have a significant 
global market share (approx. 12,476.3 million US dollars in 2020) with 6.7% 
growth rate. Cosmetic contact lenses, which were originally developed for disfig-
uring anomalies of cornea and iris, are frequently used for cosmetic enhancements 
by individuals without any ocular pathology. Scleral contact lenses have markedly 
improved patients with dry eyes symptomatically, and they are able to lead a pro-
ductive social life.

Despite these numerous advantages, contact lenses can cause visually devastat-
ing complications [1–3]. Some of these complications require emergent care to sal-
vage visual acuity and prevent further complications. This chapter intends to 
describe contact lens-related corneal emergencies, their causative factors, clinical 
features, diagnosis, and management.
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14.2  Pathogenesis of Contact Lens-Related  
Emergencies

Contact lens (CL) wear has diverse effects on the ocular surface and the tear film 
[4–12]. Etiological causes of various complications associated with contact lens 
usage can be classified as:

14.2.1  Hypoxia

Being avascular, the cornea derives most of its required oxygen from the atmo-
sphere. Contact lenses with the physical potential of separating the ocular surface 
from direct contact with environmental oxygen, reduce oxygen availability to the 
cornea, a phenomenon that has long been thought to contribute to the risk of infec-
tion associated with soft contact lens wear. The phenomenon is more marked in 
extended wear contact lenses and while wearing them overnight.

14.2.2  Mechanical Factors

Mechanical factors can cause foreign body sensation, irritation and subsequent 
abrasion of the eye or lid due to improper fit, inappropriate design and lens mate-
rial, and physical forces such as rapid decompression or high G-forces from 
acceleration. Additionally, debris, germs, and chemicals may become trapped, 
increasing the risk of keratitis. The majority of CL-related emergencies are 
caused by the risk factors listed above. Soft and rigid contact lenses are the most 
common types of contact lenses used. This distinction in structure also relates to 
the accompanying risk of infection. The soft lenses are more encased across the 
corneal surface, causing tear film stagnation and compartmentalization. 
Additionally, they cover the limbus and directly predispose corneal epithelial 
stem cells to lens-induced hypoxia, tear film disturbances, and mechanical 
effects.

Other factors have also been attributed to contact lenses-related adverse effects 
on the cornea. Despite the fact that silicone hydrogel lenses do not cause hypoxia, 
they do cause infections. This suggests that factors other than hypoxia, such as 
stagnation, compartmentalization, and reduced cell turnover, may play a role. For 
cytotoxic strains that normally cannot infect the cornea owing to blinking and 
shear stress that prevent sufficient contact time, contact lens wear can predispose 
to such infections due to stagnation even in the absence of hypoxia. For invasive 
bacteria, that are normally removed by sloughing after they invade surface cells, 
stagnation, decreased cell turnover and impaired shedding of sloughed-cell during 
contact lens wear remains an important predisposition. The high modulus of these 
lenses appears to be linked to an increased risk of mechanical complications such 
as mucin balls, superior epithelial arcuate lesions, giant papillary conjunctivitis, 
and inflammatory keratitis. Because of the prolonged wear durations and weaker 
protective mechanisms in an operated eye, complications are more common in 
aphakic eyes.
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14.2.3  Immunological Factors

Mainly related to ocular allergies and can further be associated with lens intolerance.

14.2.4  Tear Film Abnormality

Contact lenses can cause tear film abnormalities due to the combined effect of 
mechanical and environmental factors such as low humidity or high airflow leading 
to derangement of the tear film and impaired lubrication of ocular surface subse-
quently to impaired removal of waste products and clearing of debris from the eye 
and epithelial desiccation.

14.3  Classification

Various corneal emergencies associated with contact lens usage can be classified as:

 1. Contact lens-associated microbial keratitis (CLMK)
 2. Contact lens-related peripheral ulcer (CLPU)
 3. Contact Lens Adhesion Phenomenon or Binding
 4. Sterile corneal infiltrates
 5. Contact lens-associated red eyes (CLARE)
 6. Corneal abrasion

Each corneal emergency is described below, with their incidence and association 
with various types of contact lenses summarized in Table 14.1 [13].

Table 14.1 Definition and incidence of common contact lens-related emergencies (Adapted from 
Alipour et al. [13])

Complication Definition Incidence
Type of 
lens

CLPU Epithelial excavation and infiltration 
while Bowman’s layer is intact

2–3%

Bacterial 
keratitis

Active inflammation and infiltration of 
the cornea caused by bacteria such as 
Pseudomonas and Staphylococcus 
epidermidis

1.2–25.4% SCL > RGP

Acanthamoeba 
keratitis

Active inflammation and infiltration of 
the cornea caused by Acanthamoeba

1–33 per million CL 
wearers

SCL > RGP

Fungal 
keratitis

Active inflammation and infiltration of 
the cornea caused by fungi such as 
Fusarium

<4.8% of CL-related 
keratitis

SCL > RGP

Corneal 
staining

Staining of the cornea after instillation 
of fluorescein in CL wearer

54% RGP = SCL

Herpes 
reactivation

95% in CL users vs. 
62% in non-CL users

All types

RGP rigid gas permeable, SCL soft contact lens, CLPU contact lens-related peripheral ulcer, GPC 
giant papillary conjunctivitis, MRD margin reflex distance, CL contact lens
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14.4  Contact Lens Associated Microbial Keratitis

14.4.1  Acanthamoeba Keratitis

Acanthamoeba species is ubiquitous free-living protozoa found in soil and fresh 
water and causes severe sight-threatening protozoal infection of the cornea, i.e., 
Acanthamoeba keratitis. It was first time described in 1973 and has been implicated 
in sporadic epidemics around the world [14–22]. Since 2004, its incidence has 
increased by ten-folds.

Acanthamoeba keratitis is predominantly seen among contact lens wearers in 
developed countries, whereas in developing countries, contaminated water from 
ponds or lakes, sand, and mud are important predispositions. In USA, more than 
85% of cases of acanthamoeba are seen among contact lens wearers [19]. It has an 
association with the use of tap water for handling and cleaning the lenses, shower-
ing and swimming with the lenses on, and usage of hard water and lime build-up in 
water lines. More than 80% of these are associated with soft contact lenses while 
12% are seen with rigid gas permeable (RGP) lenses [18, 21].

Contact lens wear is the major risk factor for Acanthamoeba keratitis and should 
be suspected in patients with suspected corneal ulcers who are using contact lenses. 
The patient presents with severe pain, watering, photophobia, and discharge from 
the affected eye. Pain is the most important clinical presentation caused by radial 
peri-neuritis. Clinical picture varies with the stage of presentation. Early signs 
include epithelial defects with stromal infiltrate and lid edema. Radial peri-neuritis 
causes prominent corneal nerves. Classical ring-shaped infiltration or abscess is 
seen in advanced stages of the disease, which may also be associated with endothe-
lial plaque and hypopyon. In the absence of appropriate and timely treatment, dis-
ease can rapidly progress with visual acuity decreasing to hand movement or light 
perception (Fig. 14.1).

Early suspicion and diagnosis of acanthamoeba keratitis is the key to favorable 
outcome. Delayed diagnosis results in deeper infiltration, rapid progression of 
vision loss, poor response to treatment and overall poor visual prognosis. In a case 
of suspicious acanthamoeba keratitis, recommended culture media (e.g., non- 
nutrient agar with Escherichia coli overlay or buffered charcoal-yeast extract agar) 
and staining techniques (e.g., calcofluor white, acridine orange, or indirect immuno-
fluorescence antibody) should be performed as early as possible. Confocal scan 
gives a direct diagnosis based on the identification of acanthamoeba double-walled 
cyst or even trophozoites in the corneal stroma in vivo.

Acanthamoeba is highly resistant to antimicrobial treatment due to the presence 
of tough, double-walled cyst in the corneal stroma. It requires a combination ther-
apy over a period extending from 6 to 12 months for eradication of trophozoite and 
cystic form of the parasite from the corneal stroma. Poly-hexamethylene biguanide 
(PHMB) 0.1% and Chlorhexidine 0.02% are the most frequently used combination 
therapy. Other medications, including neomycin, paromomycin, voriconazole, 
imidazole/triazole family drugs, have also been found to be effective in the manage-
ment of acanthamoeba keratitis.
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14.4.2  Pseudomonas Keratitis

Pseudomonas aeruginosa is the most common Gram-negative bacteria implicated in 
contact lens-induced keratitis. Infections due to Pseudomonas are particularly wor-
risome owing to rapid progression and potentially difficult treatment [23, 24]. 
Isolates from samples collected from pseudomonas corneal infections found two 
types of strains, i.e., invasive and cytotoxic. Corneal epithelial cells internalize inva-
sive Pseudomonas aeruginosa strains. After epithelial cell invasion, they break out 
of the endocytic vacuole, replicate efficiently within the cytoplasm, travel from cell 
to cell, and eventually kill infected cells by apoptosis. In contrast, cytotoxic P. aeru-
ginosa strains remain outside cells, and instead, they inject a toxin called Exo U that 
quickly kills cells by an undetermined mechanism. Cytotoxic strains tend to be 
more resistant to contact lens disinfectants. The differences between invasive and 
cytotoxic strains lie within the bacterial chromosome and translate into the secretion 
of different effector molecules into host cells and differences in the proteolytic mod-
ification of these effectors. Both invasion and cytotoxicity involve bacterial exploi-
tation of host corneal cell surface molecules, cellular structures, and signal 
transduction pathways. Host protein tyrosine kinase activity is involved in both 
P. aeruginosa invasion and cytotoxicity, invasion involving Src family tyrosine 
kinases and other signaling molecules such as intracellular calcium-calmodulin and 
MEK-ERK signaling.

Pseudomonas keratitis presents as a rapidly evolving infection that may lead to 
perforation and loss of an eye, if left untreated. They can also be slow to progress or 
take an indolent course occasionally. The organism adheres to the wounded cornea 
with ensuing infection. Within an hour of this adherence to the injured epithelium, 
invasion into the stroma occurs. Thus, the infection heralds an epithelial defect, 
superficial edema, and stroma micro-infiltration as early as within 6  h after the 

Fig. 14.1 Acanthamoeba 
keratitis
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trauma. The infiltration extends peripherally and deeply within 18–24 h in addition 
to evenly and concentrically across the entire corneal dimension. A characteristic 
feature of Pseudomonas ulcer is diffuse epithelial graying, which characteristically 
occurs away from the main site of epithelial and stromal infiltration. A ring ulcer 
often develops within a duration of 2–3 days in cases which does not receive timely 
treatment. The progressive untreated ulcer is associated with melting of the cornea 
and with greenish-yellow mucopurulent discharge, which is adherent to the ulcer. 
This leads to descemetocele formation and eventual perforation within 2–5 days of 
onset of infection. (Fig. 14.2).

Early diagnosis and definitive management are the keys to the successful man-
agement of pseudomonal keratitis. Sample should be collected by scraping the cor-
neal ulcer, contact lenses, contact lens case and solution. Culture and sensitivity 
should be performed as standard protocol for the diagnosis of corneal ulcers. 
Fortified broad-spectrum antibiotics combination therapy should be used till spe-
cific culture reports are available. Subsequently, monotherapy or combination ther-
apy with sensitive antibiotics is the mainstay for management.

14.4.3  Fungal Keratitis

In many developing countries like India and Nepal, fungal keratitis is seen fre-
quently among contact lens wearers. Twenty-one percent of patients with fungal 
keratitis have a history of contact lens wear in these countries compared to 10% in 
developed countries. Common causes include Aspergillus, Fusarium and Candida 
[25, 26]. In 2006, a worldwide outbreak of Fusarium keratitis was seen with the 
contact lens solution Renu Moisture Loc [27]. This product was recalled from the 
market after the outbreak.

Fig. 14.2 Pseudomonas 
keratitis with perforation
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The use of contact lenses is a significant risk factor for fungal keratitis. Extended 
wear hydrogel lenses are most commonly implicated. RGP lenses have shown a 
lesser incidence of fungal keratitis. It is characterized by grayish white infiltration 
with dry sloughing ulcers having feathery borders. Satellite lesions and endothelial 
plaques are not uncommon. A convex, immobile hypopyon is seen in the anterior 
chamber. (Fig.  14.3) The patient has relatively lesser symptoms, including pain, 
compared to signs. Rarely, a ring-shaped ulcer may also be seen. Staining and cul-
ture on fungal media clinch the diagnosis. Confocal microscopy can identify fungal 
hyphae and branching patterns. Topical antifungal medications commonly used in 
fungal keratitis include Natamycin 5%, Fluconazole 0.3%, Voriconazole 1%, and 
Amphotericin B 0.15–0.30%. The Mycotic Ulcer treatment trial found Natamycin 
to be more efficacious in the management of filamentous fungi than the azoles. 
Intrastromal and intracameral targeted therapy in addition to systemic antifungals 
may be administered in severe grades of corneal ulcer. In non-responding cases or 
cases with impending perforation, an urgent surgical intervention in the form of 
therapeutic keratoplasty is required.

14.5  Corneal Edema

It used to be a common feature in contact lens wearers with polymethyl methacry-
late (PMMA) use. It is less frequently seen in rigid gas permeable lenses. Slit lamp 
aided clinical examination by sclerotic scatter, optical section, direct and indirect 
focal techniques is crucial in the diagnosis and further management. It is manifested 
by an increase in corneal thickness, as confirmed quantitatively by pachymeter with 
the variable extent of epithelial edema, increase in stromal thickness, corneal striae 
and Descemet’s folds, polymegathism and decrease in the number of endothelial 
cells. (Fig. 14.4).

Causative factors comprise hypoxia, lack of adequate tear exchange, and pre- 
existing epithelial and endothelial pathology. Main symptoms associated with 

a b

Fig. 14.3 Fungal Keratitis (a) central dry ulcer with sloughing (b) ulcer with convex hypopyon
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corneal edema comprise of pain if the epithelial bullae rupture, glare and drop in 
visual acuity.

It is prevented by pre-fit assessment of the endothelial function giving a proper 
fit, choosing highly oxygen permeable lens material and using the lens on daily 
wear basis rather than extended wear basis.

Occlusive problems can be prevented by

 (a) Proper fit-ensuring tear exchange
 (b) Choosing proper material with high DK value
 (c) Using thinner and smaller lenses
 (d) Proper blinking
 (e) Avoiding hypoxic environment

Discontinuation of contact lens wear leads to the resolution of corneal edema in 
most cases.

14.6  Contact Lens-Related Peripheral Ulcer (CLPU)

CLPU is defined as epithelial excavation and infiltration with an intact Bowman’s 
layer as opposed to breach in Bowman’s membrane seen in corneal ulcer. It is com-
monly seen in extended wear lenses. CLPU mainly needs to be differentiated from 
microbial keratitis. Absence of lid edema focal conjunctival congestion, focal and 
localized corneal infiltration involving anterior stroma with typically clear cornea 
around the lesion are the diagnostic determinants in CLPU. The size of the lesion is 
almost always <2 mm and is located in the periphery or mid periphery.

CLPU presents as mild, localized conjunctival congestion with peripheral cor-
neal infiltrates not extending beyond 1.5 mm from the limbus [28, 29]. They are 
round to oval in shape and grayish white in color. CLPU may not have epithelial 
defects, unlike corneal ulcers (Fig. 14.5). The attributable cause has been identified 

Fig. 14.4 Polymegathism 
seen on specular 
microscopy in a contact 
lens user
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to be the presence of bacteria such as Staphylococcus aureus, which release exotox-
ins. These toxins initiate inflammation which in the presence of corneal abrasions 
due to microtrauma by contact lenses, may lead to infiltration. CLPU typically 
regresses after discontinuation of contact lenses. Though sometimes steroid eye 
drops or NSAIDs eye drops may be required and can be given after ruling out 
microbial keratitis. (Table 14.2).

Fig. 14.5 Contact 
lens-related peripheral 
ulcer

Table 14.2 Differences between CLPU and Microbial keratitis

Sl. 
no Features CLPU Microbial keratitis

Sterile corneal 
infiltrates

1 Pathogenesis Inflammatory Infectious Immunological 
response

2 Size of lesion <2 mm >1 mm <1 mm
3 Pain/redness/

photophobia
Mild to moderate More severe Less pain and 

photophobia
4 Visual acuity Not affected Affected Not affected
5 Congestion Superficial Circumcorneal ciliary Superficial
6 Location Periphery Paracentral or central Peripheral, 

circumlimbal
7 Shape Generally circular Variable depending on 

the organism
Round, gray white 
lesions

8 Epithelium Generally spared; 
negative Fluorescein 
staining

Significant epithelial 
damage
Fluorescein staining of 
epithelial defect

Minimal epithelial 
damage

9 Stroma Anterior stroma 
involved

Variable depth; can 
extend to deep stroma, 
even perforate

Minimal stromal 
involvement

10 Anterior 
chamber

Not involved May have inflammation, 
hypopyon

Minimal to no 
anterior chamber 
reaction
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14.7  Contact Lens Adhesion Phenomenon or Binding

Contact lens adhesion phenomenon or binding is not uncommon in individuals 
using rigid extended wear contact lenses. There are few reports of adhesion phe-
nomenon with rigid daily wear contact lenses.

14.7.1  Pathogenesis

There are multiple hypotheses concerning the etiology of RGP lens adherence, 
including lens suction, negative pressure effects, tear film mucus adhesion, etc. The 
most acceptable cause which explains the pathogenesis is the suction cup effect of 
the lens causing ring impression and subsequently leading to adherence to the cor-
nea. The patient is usually unaware of this adhesion.

14.7.2  Clinical Features

Signs of adherence in patients, who are using RGP lenses, are as follows:

 – Signs of tear deficiency as determined using sequential fluorescein staining
 – Irregular retro lens debris ring, seen in most cases in midperiphery
 – A corneal indentation ring adjacent to the edge of the contact lens
 – Central corneal staining is often present after lens removal
 – Peripheral arcuate staining is often seen outside the zone of adherence

14.7.3  Treatment

Management includes rehydration of eyes before removal of contact lenses, treat-
ment of dry eyes and changes in the base curve of the contact lens.

14.8  Sterile Corneal Infiltrates

Corneal infiltrative events (CIEs) have shown to be of increasing incidence in the 
recent past among contact lens wearers. Sterile infiltrates are more common than 
microbial keratitis in contact lens wearers. They may be wary from isolated infil-
trates to diffuse lesions with excessive inflammation. (Fig. 14.6) These are more 
common with extended wear hydrogel lenses. The basic pathophysiology is 
inflammation- induced accumulation of leukocytes in the corneal stroma. Known 
risk factors for CIEs include age <25 years, smoking, overnight contact lens wear, 
bacterial contamination on eyelids, and silicone hydrogel material [30]. Mild 
cases resolve without any significant effect on visual acuity, however, in severe 
cases involving deep stroma, they may lead to scarring and impaired visual acuity. 
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Sterile infiltrates are usually smaller, multiple, and arcuate shaped. The patient 
presents without significant pain, epithelial staining, or anterior chamber reaction. 
The most common symptoms are ocular discomfort, photophobia, and redness of 
the eyes.

Treatment of sterile corneal infiltrates involves topical corticosteroids in tapering 
doses along with lubricating eye drops and prophylactic antibiotic coverage.

14.9  Contact Lens-Induced Acute Red Eye-CLARE

Contact lens-induced acute red eye response is generally seen with extended wear 
lenses. This is clinically seen as severe unilateral congestion along with stromal 
infiltrates, but no epithelial involvement. CLARE is an inflammatory reaction of the 
cornea and conjunctiva most commonly attributed to prolonged contact lens wear. 
A typical patient may have history of sleeping with contact lenses. Pathophysiology 
of CLARE has been attributed to tight fit, and low oxygen permeability of extended 
wear contact lenses in addition to continuous wear hydrogel lenses. Deposits of 
denatured protein, calcium and lipids and mechanical trauma has been implicated in 
some cases. Additionally, colonization of the lens surface with Gram negative bac-
teria, like H. influenza and Pseudomonas aeruginosa have been reported leading to 
inflammatory response which is triggered by endotoxins released by the breakdown 
of bacterial cell walls [31–33].

14.9.1  Clinical Features

CLARE is typically characterized by sudden onset of pain in eyes, usually unilateral 
associated with photophobia, epiphora, and foreign body sensation. Visual acuity is 
usually unaffected.

Fig. 14.6 Sterile corneal 
infiltrates
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Clinical signs include diffuse conjunctival and circumciliary congestion and 
stromal infiltrates generally seen in periphery and mid periphery. Corneal lesions do 
not typically stain with Fluorescein, due to the absence of epithelial involvement. 
Severe untreated cases of CLARE are associated with corneal edema, and anterior 
uveitis may also be present. Important differentials to be considered while evaluat-
ing such patients include sterile corneal infiltrates, CLPU, and microbial keratitis, 
while fluorescein staining remains the most important diagnostic test to differentiate 
between them.

14.9.2  Treatment

Treatment of CLARE essentially necessitates discontinuation of contact lens wear 
as the condition is often self-limiting in addition to ocular surface lubrication to 
relieve symptoms and promote healing.

Fluorescein staining of the lesion is an important guide to further treatment. If 
there is corneal staining associated with infiltrate, the diagnosis of microbial kerati-
tis should be considered, and topical antibiotic should be initiated till the lesions 
heal. In severe cases with anterior uveitis, topical steroids, NSAIDS, and cyclople-
gic agents are warranted in tapering doses. After complete healing of lesions, lens 
wear can be resumed with optimal lens fit, material, and replacement schedule to 
prevent a recurrence. The infiltrates take days to weeks to resolve, depending on 
severity. However, recurrence of lesions has been reported in 50–70% of patients 
[34, 35]. Prevention is best achieved by advising the patients to discontinue lenses 
with symptoms of ocular discomfort and avoidance of prolonged wear or sleeping 
with worn lenses.

14.10  Corneal Abrasions

Abrasions can occur due to traumatic insertion or removal of lenses and by rubbing 
the eyes inadvertently during wear. Untreated abrasions can lead to microbial kera-
titis and, therefore, require prompt treatment in the form of discontinuation of 
lenses, prophylactic antibiotics and lubricants.

14.11  Conclusion

Contact lenses are associated with a host of complications, some of which are ocu-
lar emergencies. Knowledge of risk factors, signs, and symptoms, causative factors, 
pathogens and treatment regimes is essential for effective management.

It is, therefore, imperative to be aware of these emergencies so that prompt inter-
vention can be initiated by the treating ophthalmologist. Preventive strategies and 
education regarding precautionary measures are important while managing such 
cases. Though smaller noninfective lesions are self-limiting and have a good visual 
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prognosis, central, and large lesions should be treated as per the diagnostic scraping 
for the best chance of successful treatment.

Key Points

• Hypoxia, mechanical factors like stagnation, compartmentalization, reduced cell 
turnover and infections contribute to the pathogenesis of contact lens-associated 
corneal emergencies.

• Contact lens wear is the major risk factor for Acanthamoeba keratitis and should 
be suspected in patients with suspected corneal ulcers who are using con-
tact lenses.

• Early diagnosis and definitive management are the keys to successful man-
agement of contact lens-associated infective keratitis. Sample should be col-
lected by scraping the corneal ulcer, contact lenses, contact lens case and 
solution.

• Corneal edema, Contact Lens-Related Peripheral Ulcer (CLPU), Contact Lens 
Adhesion Phenomenon or Binding, Sterile Corneal Infiltrates, and Contact Lens- 
Induced Acute Red Eye (CLARE) are entities that presents as a corneal emer-
gency with contact lens wear.

• Preventive strategies and education regarding contact lens wear and precaution-
ary measures are important to prevent sight-threatening corneal emergencies 
associated with contact lens wear.
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15Peripheral Ulcerative Keratitis

Swapnali Sabhapandit, Priyanka Sudana, 
and Somasheila I. Murthy

15.1  Introduction

Peripheral ulcerative keratitis (PUK) is an inflammatory disorder characterized by a 
crescentic epithelial breakdown in the peripheral part of the cornea; along with stro-
mal necrosis, edema and subepithelial infiltrates at the edges. The condition may be 
unilateral or bilateral [1]. In some eyes, contiguous involvement of conjunctiva, 
episclera, sclera or uvea may be noted. The age of presentation is reported between 
40 and 70 years but can occur in all age group and has a male preponderance [2].

The causes of PUK are multiple and include both ocular and systemic causes. 
Immune-mediated PUK has an association with collagen vascular disease in about 
50% of patients [3]. The ophthalmologist may thereby be the first observer of this 
ocular manifestation of underlying systemic disease [1, 3]. As the associated sys-
temic disease is severe and, if untreated, has a high rate of morbidity and mortality 
[4], the onus is on the ophthalmologist to promptly recognize and refer the patient 
to a physician for detecting and managing the systemic disease.

The estimated incidence of PUK as has been reported, ranges between 3 and 3.5/
million/year [5]. Although rare, it is a blinding condition if not treated promptly. 
The most common disorders associated with PUK are systemic collagen vascular 
diseases, of which rheumatoid arthritis is the most common, accounting for 34% of 
noninfectious PUK cases. Approximately 50% of all noninfectious PUK cases have 
an associated collagen vascular disease [6]. Some cases of PUK show a rapidly 
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progressive course with early corneal perforation and other complications [6]. 
Hence emergency surgical treatment along with aggressive systemic therapy as well 
as looking for the primary systemic disease are needed for salvaging the eye and 
avoiding systemic morbidity. Timely ocular management can also help avoid 
chronic sequelae such as posterior or peripheral anterior synechiae, corneal scarring 
with high astigmatism, glaucoma and the risks associated with large keratoplasty.

In this chapter, the etiopathogenesis, clinical features and management of PUK 
in an emergency setting will be discussed.

15.2  Clinical Presentation

15.2.1  Symptoms

Patients present with foreign body sensation, pain, redness, and photophobia. The 
pain can range from chronic, low grade to severe pain if associated with scleritis [3] 
or if due to infectious causes [7]. Reduced visual acuity ranging from mild to mod-
erate based on the presence of corneal edema and inflammation as well as intraocu-
lar inflammation; or due to induced astigmatism caused by peripheral thinning and 
ulceration is also noted.

15.2.2  Clinical Features

 1. Epithelial defect, stromal infiltration and cellularity with thinning in the periph-
eral cornea (Figure 15.1a).

 2. Progression occurring circumferentially, centrally and/or posteriorly 
(Figure 15.1b).

 3. Associated conjunctival and/or episcleral congestion.
 4. The interpalpebral peripheral cornea is most often involved first, followed by the 

inferior and the superior limbus.
 5. Advanced stage with total involvement may result in a “contact lens” cornea, 

where there is a central opaque edematous island of cornea stroma whereas the 
peripheral 3–4  mm of the cornea would show healing with pannus and 

a cb

Fig. 15.1 (a–c): Peripheral ulcerative keratitis (PUK) at different stages: (a) starting with an epi-
thelial defect, stromal ulceration and peripheral corneal thinning; (b) circumferential and central 
spread; (c) total corneal involvement with vascularization and scarring
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 vascularization (Figure  15.1c). End-stage disease is characterized by grossly 
thinned, scarred, and vascularized tissue [1].

15.3  Etiology and Pathogenesis

15.3.1  Etiology

There are several causes of PUK: both immune-mediated and infectious (both ocu-
lar and systemic). In addition, several conditions may present with a PUK-like pic-
ture that need to be distinguished. Table 15.1 enumerates the etiologies of PUK.

Table 15.1 Etiological causes in peripheral ulcerative keratitis

Etiology
Immune- 
mediated: Ocular

Mooren’s ulcer

Immune- 
mediated: 
Systemic
Collagen vascular 
diseases:

   a. Rheumatoid arthritis
   b. Granulomatosis polyangiitis
   c. Relapsing polychondritis
   d. Systemic lupus erythematosus
   e. Polyarteritis nodosa
   f. Behçet’s disease
   g. Sarcoidosis
   h. Inflammatory bowel disease

Other systemic 
conditions

   a. Acne rosacea
   b. Dry eye disorders: Sjogrens disease, Stevens-Johnson 

syndrome, Ocular Cicatricial Pemphigoid (OCP)
Infections: Ocular    a. Bacterial (Staphylococcus, Streptococcus, Gonococcus, Moraxella, 

Hemophilus, Pesudomonassp)
   b. Viral (Herpes simplex, Herpes zoster)
   c. Amoebic (Acanthamoeba)
   d. Fungus

Infectious: 
Systemic

   a. Tuberculosis
   b. Syphilis
   c. Acquired immunodeficiency syndrome (AIDS)
   d. Helminthiasis
   e. Varicella zoster
   f. Hepatitis

Conditions 
mimicking PUK:

   a. Traumatic: chemical, thermal, radiation burn
   b. Abnormalities of eyelids or lashes: entropion, ectropion, cicatricial, 

exposure, trichiasis, lagophthalmos, incomplete blink
   c. Allograft reaction
   d. Neurologic:neurotrophic keratitis
   e. Contact lens-related infiltrative keratitis
   f. Marginal keratitis
   g. Ectatic conditions:
     Keratoglobus
     Terrien’s marginal degeneration
   h. Malignancy: ocular surface squamous neoplasia (OSSN)
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15.3.1.1  Mooren’s Ulcer
The most common presentation of PUK is Mooren’s ulcer. This is an idiopathic 
chronic serpiginous ulcer of the cornea, characterized by crescent-shaped peripheral 
corneal ulceration with what is classically described as overhanging (undermined) 
margins and cellular infiltration at the advancing edges. The other features include 
circumferential spread, no scleral involvement and absence of associated systemic 
disease [2].

15.3.1.2  Collagen Vascular Diseases
The second most common cause of immune-mediated PUK includes systemic col-
lagen vascular diseases. For PUK associated with systemic collagen vascular dis-
ease, the patient may already have a known systemic disorder or may present for the 
first time to the ophthalmologist with undiagnosed systemic disease. Appropriate 
laboratory testing is necessary, based on history and physical examination. 
Rheumatoid arthritis (RA) is the most common systemic disease associated with 
PUK with an incidence of 30–42% [8]. It tends to occur late in the disease process 
and may indicate worsening of the disease. On the other hand, PUK in the setting of 
granulomatosis polyangiitis (GPA) (formerly known as Wegener’s granulomatosis) 
can be an early phenomenon [9].

15.3.1.3  Infectious Causes
Infection is an important cause of peripheral corneal inflammation and has to be 
excluded by microbiological evaluation of corneal scraping sample [6]. The pres-
ence of severe symptomatology, with lid edema, purulent discharge, severely con-
gested conjunctiva, rapid worsening, presence of dense infiltrate at the ulcer bed and 
presence of hypopyon should raise the suspicion of microbial infection.

15.3.2  Pathogenesis

PUK occurs due to an interplay of various factors:

15.3.2.1  Immune Complexes
The capillary vascular arcades and subconjunctival lymphatic network of the limbal 
area introduce antigens into the peripheral cornea for antigen-antibody reactions [1, 
3, 8]. The classical pathway of complement cascade is triggered, leading to neutro-
phils and macrophages entry into the stroma, increased phagocytosis, the release of 
cytokines and proteolytic enzymes [3, 8]. All these factors cause corneal collagen 
loss and resultant stromal ulceration. A 66  K-Dalton protein autoantigen called 
cytokeratin-3 present in corneal epitheliumis over-expressed in GPA and RA. It can 
contribute to increased immune complex formation in the peripheral cornea [10].

15.3.2.2  Matrix Metalloproteinases (MMP)
These enzymes are released by conjunctival goblet cells, corneal keratocytes and 
lymphatics via activation of tumor necrosis factor-alpha (TNF-α) in the 
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complement cascade [10]. MMPs digest the extracellular matrix of the peripheral 
cornea leading to stromal melt. MMPs are also released from tears [11].

15.4  Management

Depending on the severity at presentation and the etiology, the cases are managed 
medically or surgically.

15.4.1  Medical Management

Based on the cause of the PUK, various ocular and systemic investigations are indi-
cated to rule out infectious pathology or immune-mediated disease. Table 15.2 lists 
the investigations in cases of PUK.

15.4.1.1  Infectious Causes
For cases that appear to be infiltrated, corneal scrapings are taken and subjected to 
microbiology. The therapy is started based on reports of the corneal smears. For 
Gram-positive organisms, 5% topical fortified cefazolin sodium is commenced 
every hour, and for Gram negatives, 0.3% ciprofloxacin hydrochloride or 0.3% 
tobramycin eye drops are used. If the smears are negative, empirical board spectrum 
antibiotics are used. In case of detection of fungal filaments, topical natamycin 5% 
is started every hour, and in the case of viral keratitis, antiviral eye ointment (3% 
acyclovir ointment five times a day) is started. Systemic antimicrobials (ciprofloxa-
cin 500 mg twice a day, voriconazole tablets 200 mg twice a day and acyclovir 
tablets 400 mg five times a day) are prescribed as needed. Topical lubricating drops 
or gels promote re-epithelialization. Homatropine bromide 2% or Atropine sulfate 

Table 15.2 Investigations in a case of peripheral ulcerative keratitis

Etiology Investigations
Infectious    a. Microbiology: Smear—Gram’s stain and potassium hydroxide (KOH) 

wet mount. Culture—Blood agar, Chocolate agar, Sabouraud dextrose agar, 
brain heart infusion broth, non-nutrient agar overlaid with Escherichia coli

   b. Polymerase chain reaction (PCR) for Herpes simplex virus antigen 
detection

   c. Tuberculin test with purified protein derivative, chest radiograph/
high-resolution CT to rule out tuberculosis in clinically suspected cases

   d. Hepatitis C detection, stool examination for helminthiasis
Noninfectious    a. Complete blood count (CBC)

   b. Rheumatoid factor
   c. Anti-cyclic citrullinated peptides (anti-CCP)
   d. Anti-Neutrophil Cytoplasmic Antigen (c and p)
   e. Erythrocyte sedimentation rate, C-reactive protein
   f. Anti-nuclear antibody
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1% three times a day is started for cycloplegia and in cases of severe anterior uveitis 
and hypopyon.

15.4.1.2  Mooren’s Ulcer
In Mooren’s ulcer, a stepladder approach to treatment is followed to control inflam-
mation, prevent tissue destruction and promote epithelialization [12], as noted in 
Table 15.3.

15.4.1.3  With Associated Systemic Disease
Peripheral ulcerative keratitis with the associated systemic disease can be life- 
threatening and often requires serological investigations for establishing the sys-
temic association and may require prolonged immunosuppression. Such cases are 
better co-managed with the rheumatologist for systemic immunomodulation.

In RA with PUK, apart from oral corticosteroids, oral methotrexate (MTX) is 
used as a steroid-sparing agent and also for long-term control. Other immunomodu-
lators which can be used are azathioprine (2 mg/kg/day), cyclophosphamide (2  mg/

Table 15.3 Step ladder therapy for Mooren’s ulcer

Level Drug Indication
Level 1 Topical corticosteroids (Prednisolone 

acetate 1%)
Unilateral cases
Less than two quadrants of peripheral 
corneal involvement
Less than 50% stromal loss

Level 2 Topical corticosteroids + oral 
corticosteroids 
(1–1.5 mg/kg—Prednisolone)

Bilateral cases
More than two quadrants of peripheral 
corneal involvement
More than 50% stromal loss

Level 3 Oral methotrexate (7.5–25 mg/week) 
or azathioprine (2 mg/kg/day), 
mycophenolate mofetil (1 g twice 
daily), cyclosporine (2.5–5 mg/kg/day) 
or other immune-modulator used as 
steroid-sparing agent

Steroid intolerance/contraindication
Young patients <40 years
Requirement of long-term steroids, as 
steroid-sparing agents
Requirement of additional 
immunomodulatory therapy
Failure of level 2 therapy

Level 4 Intravenous (IV) methylprednisolone 
(single pulse 1 g)

Bilateral, single eyed
More than three quadrants corneal 
involvement, >50% stromal loss, impending 
perforation
Rapid progression and extensive damage

Level 5 IV methylprednisolone +IV 
cyclophosphamide (1 g pulse dose)

Bilateral, single eyed
More than three quadrants corneal 
involvement, >50% stromal loss, impending 
perforation
Perioperative for Keratoplasty

Level 6 Biologicals: adalimumab infusions, 
Rituximab infusion

Bilateral, single eyed
More than three quadrants corneal 
involvement, >50% stromal loss, impending 
perforation, relentless progression, 
refractory to cyclophosphamide (CYP) or 
inability to induce remission with CYP
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kg/day), mycophenolate mofetil (1 g twice daily), cyclosporine (2.5–5 mg/kg/day) 
and adalimumab (40  mg subcutaneously every other week). Disease-modifying 
antirheumatic drugs (DMARDs) such as sulfasalazine inhibit TNF-α and interleu-
kins and reduce the production of matrix metalloproteinases, which would halt the 
progression of corneal stromal lysis in the treatment of PUK with systemic associa-
tions [13]. Because of the potential side effects of these treatments, regular labora-
tory investigations at periodic intervals including complete blood count, liver 
function test and renal function test is essential to monitor for side effects.

15.4.2  Surgical Management

15.4.2.1  Conjunctival Resection with Tissue Adhesive and Bandage 
Contact Lens Application

This time-tested technique is presumed to act by decreasing the influx of inflam-
matorycells, collagenases and proteinases and promotes resolution. The surgical 
technique involves gentle resection of the conjunctiva by performing a peritomy at 
least two clock hours on either side of the affected peripheral ulcer, and dissecting 
the conjunctiva from the limbus up to the bare sclera in a strip of about 3–4 mm. The 
bleeders are gently cauterized with sparing use of the cautery. The overhanging lip 
of the edematous, infiltrated cornea centrally is excised with the help of a Vanna’s 
scissors. The base of the ulcer is debrided. Cyanoacrylate glue is applied to the 
peripheral ulcer with the help of a needle in one or two layers to form a thin layer 
(Figure 15.2a). Excess glue is trimmed, and a 14 mm bandage contact lens is placed. 
While the goal of surgical tectonic procedures in PUK is mainly to maintain the 
integrity of the globe, cyanoacrylate glue also acts as a limbal barrier to conjunctival 
derived inflammatory cytokines, thus helping in controlling the inflammation.

15.4.2.2  Management of Perforations <2 mm
Amniotic membrane graft (AMG) and tissue adhesives are indicated in the manage-
ment of impending perforation and in perforations <2.0 mm.

a b

Fig. 15.2 (a) Conjunctival resection with cyanoacrylate glue and bandage contact lens applica-
tion in a Mooren’s ulcer (post-operative 1 month). (b) Multi-layered amniotic membrane graft in a 
case of large corneal perforation in recurrent peripheral ulcerative keratitis, involving the center
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AMG helps in early epithelialization and nerve proliferation. It also suppresses 
cytokine expression in inflamed tissue and leads to apoptosis of inflammatory cells. 
[14, 15] However, the role of AMG in the healing cases of Mooren’s ulcer is controver-
sial [16, 17]. Multi-layered or rolled-up AMG can be used to seal <2 mm size corneal 
perforations and intensive follow-up and adjuvant therapy is necessary [16, 18].

15.4.2.3  Large Perforations
Several surgical techniques can be effectively employed to tackle corneal perfora-
tions larger than 2 mm.

Multi-Layered AMG
Multi-layered AMG (for perforations larger than 2 mm): the outcome of AMG in 
large perforations may not be satisfactory as the tectonic stability is not achieved 
[18]. It can be used as a temporary measure till a corneal graft is planned 
(Figure 15.2a).

Tenon’s Patch Graft
Tenon’s patch graft is commonly used in glaucoma surgery to seal leaking blebs or 
valves [19]. For PUK with 6 mm size perforation or less, tenon’s capsule can be 
excised posterior to its limbal insertion in the inferonasal and inferotemporal quad-
rants. The size of the graft is taken slightly larger than the size of the corneal defect. 
The tenon’s capsule is then firmly attached as a thin layer over the perforated area 
and adjoining de-epithelialized margin using tissue adhesive or sutures [20]. 
Advantages of this technique include the absence of graft rejection as it is an autolo-
gous tissue, and less antigenic surface for future corneal transplants. Tenon’s tissue 
is easy to acquire as opposed to amniotic membrane or corneal tissue. 

Patch Graft
This surgical modality includes smaller-sized grafts for lamellar or full-thickness 
keratoplasty, usually <6 mm in size, or free-hand, such as annual or banana-shaped 
grafts. Patch grafts an also be used as a temporizing method in perforated PUK till 
a penetrating keratoplasty (PK) could be planned. Various materials such as perios-
teum, donor cornea stromal cap which is not used during descemet stripping endo-
thelial keratoplasty, unused  sclerocorneal rims donor tissue used for  penetrating 
keratoplasty or scleral tissue, glycerol preserved nonantigenic donor cornea, and 
even the lenticule obtained from small incision refractive lenticule extraction 
(SMILE) procedure have been used as patch graft [21–24]. Crescentic corneal or 
corneal scleral patch grafts are used in RA with melt (Figure  15.3a, b) and in 
advanced Mooren’s ulcer to stabilize the condition with varying success. There are 
increased risks of graft opacification, graft melt, vascularization, persistent epithe-
lial defects and the eventual need for PK in most cases [25]. The use of long-term 
immunosuppression can increase the success rate of these patch grafts.

Keratoplasty
Keratoplasty performed for PUK has the highest likelihood of failure and need for 
regraft [7]. Lamellar keratoplasty is done for large PUK without perforation with 

S. Sabhapandit et al.



307

post-operative adequate immunosuppression [25]. Use of glycerol preserved donor 
cornea has been reported to have good outcome due to the absence of keratocytes, 
dendritic cells and other antigenic cells in the preserved tissue [26, 27]. PK is per-
formed for extreme thinning for large perforations in PUK, mainly for tectonic sta-
bility [28–30]. It is important to control the inflammation by aggressive 
immunosuppression first before proceeding with PK. The use of perioperative intra-
venous methylprednisolone, or oral prednisolone has been advocated. Despite this, 
the survival and visual outcomes for emergency PK are not satisfactory in such an 
indication, with high changes of graft failure. (Figure 15.4a–c).

15.5  Differential Diagnosis

PUK can be confused with other clinical entities involving the peripheral cornea. 
However, there are relevant points that can differentiate among these pathological 
conditions [31]. Table 15.4 lists the differential diagnosis of various entities mim-
icking PUK. Figure 15.5 depicts a flow chart on the differential diagnosis and man-
agement in PUK.

a b

Fig. 15.3 Complication of peripheral ulcerative keratitis in a case of rheumatoid arthritis; (a) 
peripheral corneal perforation with surrounding stromal melt; (b) crescentic patch graft from 
donor sclerocorneal tissue is performed

a b

Fig. 15.4 Advanced Mooren’s ulcer with peripheral sealed corneal perforation and island of stro-
mal corneal tissue (a); stable disease and cataract on systemic immunosuppression (b); penetrating 
keratoplasty with cataract extraction done with immunosuppression continued after surgery

15 Peripheral Ulcerative Keratitis



308

Table 15.4 Differential diagnosis in peripheral ulcerative keratitis

PUK
Terrien’s marginal 
degeneration Marginal keratitis

Pellucid marginal 
degeneration

Etiology Autoimmunity to 
cornea antigens

Peripheral cornea 
degeneration

Hypersensitivity 
reaction against 
staphylococcal 
exotoxins

Ectatic cornea 
disorder

Laterality Usually unilateral Usually bilateral 
asymmetrical 
presentation

Usually bilateral Usually bilateral

Clinical 
picture

Progressive 
painful stromal 
ulceration

Painless, intact 
epithelium, 
non-inflammatory 
stromal opacities 
due to lipid 
infiltrates

Lucid interval from 
limbus, epithelial 
defect less than the 
cornea infiltrate, 
coexisting chronic 
blepharitis

Noninflammatory, 
painless

Location Interpalpebral 
cornea, later 360 
degrees extension

Superior cornea/
inferior cornea 
(less common)

2, 4, 8, 10 clock 
hours

Inferior cornea

Peripheral ulcerative
keratitis

Symptoms:

Moorens:
Immune mediated PUK:

Crescentic shaped ulcer with
characteristic overhanging

undermined margins

Severity, laterality based
stepwise medical

management

Perforation:

Perforated:

Investigations: Cornea scraping:

Smear, culture, PCR for
suspected viral

CBC, RF, ANCA, ESR, CRP,
ANA

Associated scleritis, collagen
vascular disease (RA, GPA)

Infective etiology: appearnce
of yellowish infiltration at
base and edges, central

spread, hypopyon

Signs:

Pain, photophobia, FB
sensation, reduced visual

acuity

Peripheral epithelial defect,
stromal thinning, infiltration

and cellularity

Surgical management

Surgical management -
TABCL, AMT, Tenons

patch graft, Patch graft,
PK

Microbiology guided medical
management

Non perforated ulceration:

Step-wise medical
management (quadrant
involvement, laterality,
systemic associations)

Fig. 15.5 Flow chart on differential diagnosis and management of cases of peripheral ulcerative 
keratitis presenting to the emergency clinic
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15.6  Conclusion

PUK is a clinical diagnosis of corneal infectious and inflammatory diseases result-
ing in peripheral corneal ulceration and thinning. Inflammatory causes are usually 
autoimmune systemic diseases. The mainstay of treatment is to control inflamma-
tion with corticosteroids and immunosuppressive therapy to prevent progressive 
vision loss. Surgical management is for tectonic stability.

Key Points
• PUK is a rare entity, with potentially serious consequences for vision if left 

untreated.
• Immune-mediated conditions include Mooren’s ulcer and systemic diseases such 

as RA and GPA, which have the highest association with PUK.
• The presentation could be the first sign of such a systemic disease and needs 

thorough investigations.
• Infectious keratitis, such as bacterial, fungal, and viral, can also present as PUK 

and need to be promptly identified.
• Medical management, after evaluating the cause, involves the use of topical and 

oral corticosteroids for immune-mediated conditions.
• Surgical management includes conjunctival resection and tissue adhesive appli-

cation for smaller perforations and patch grafts with amniotic membrane, tenons, 
or corneal tissue for larger perforations.

Funding Support For Priyanka Sudana and Somasheila I Murthy from Hyderabad 
Eye Research Foundation.
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16.1  Introduction

Corneal ectasia is a term to describe a group of disorders characterized by progres-
sive thinning, bulging, and distortion of the cornea. Keratoconus, Pellucid marginal 
degeneration (PMD), Terrien’s marginal degeneration (TMD), keratoglobus, and 
ectasias occurring after corneal refractive surgery (Photorefractive keratectomy, 
Radial Keratotomy and LASIK) or Penetrating keratoplasty (PKP) are the most 
prevalent corneal ectatic disorders seen in clinical practice (PKP) [1].

In the instance of keratoconus, the term advanced corneal ectasia (ACE) is 
clearly defined, but there are no defining criteria for other conditions like PMD or 
TMD.  According to the classification proposed by Krumeich et  al., an eye with 
advanced keratoconus has a keratometry reading (K) of >55.00 D, unmeasurable 
refraction, central corneal scarring, and corneal thickness <200 μm at the thinnest 
point [2].

For other disorders, advanced ectasia might be defined as the stage at which 
standard interventions are no longer sufficient to treat the underlying problem [3]. 
Acute corneal hydrops and corneal perforations are two ACE-related emergencies.

16.2  Acute Corneal Hydrops

16.2.1  Introduction

Acute hydrops occurs when Descemet’s membrane is stretched beyond its elastic 
breaking point. Due to aqueous leakage into the corneal stroma and epithelium, 
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such a rupture causes abrupt, severe corneal edema. Although it was first identified 
in keratoconus [4], it has now been seen in various other corneal ectasias such PMD 
[5], keratoglobus [6], and TMD [7]. It is also seen in keratectasia after surgeries, 
such as laser-assisted in situ keratomileusis [8], radial keratotomy [9], deep anterior 
lamellar keratoplasty (DALK) [10], and penetrating keratoplasty [11, 12]. There 
have been cases of corneal hydrops following keratoplasty done for Keratoconus, 
usually after 15–20 years.

Corneal hydrops (CH) occur in approximately 2.5–3% of eyes with KC [4, 13, 
14]. The majority of cases are seen in the second or third decade. There is a male 
gender preponderance, however, bilateral cases are infrequent [4, 13, 14]. No racial 
predisposition has been reported so far [4, 13, 14].

16.2.2  Predisposing Factors

Early onset, eye rubbing, vernal keratoconjunctivitis (VKC), atopy, and Down’s 
syndrome are several of the risk factors linked to an increased risk of CH [14–16]. 
Eye rubbing appears to be the most significant risk factor, with the trauma associ-
ated with intense eye rubbing possibly serving as an inciting factor [14].

16.2.3  Pathogenesis

Acute hydrops develop with the tear and subsequent breach of DM, causing the 
margins to roll, thus allowing aqueous from the anterior chamber to seep into the 
corneal stroma. The build-up of aqueous causes the collagen lamellae to separate 
and the creation of large fluid-filled stromal pockets [4, 17]. Meanwhile, as a part of 
the reparative process, the adjacent endothelium grows over the defect, causing a 
partial seal so that the seepage is prevented with subsequent resolution of stromal 
edema. According to various studies, the resolution of corneal edema may occur any 
time between 5 and 36 weeks [4, 13, 14].

16.2.4  Clinical Characteristics

Acute hydrops is characterized by significantly diminished visual acuity, severe 
photophobia, and pain [4]. A visible “white spot” over the cornea may also be 
noticed by the patient. A history of forceful eye rubbing or coughing is frequently 
present [4, 13–15].

Slit-lamp examination reveals stromal and epithelial microcystic edema, intra-
stromal cysts/clefts, and conjunctival hyperemia in most cases (Fig. 16.1a, b).

Corneal edema can be graded according to its extent;
Grade I = within a circle of 3-mm diameter.
Grade II = within a circle of 3–5-mm diameter.
Grade III = larger than circle of 5 mm in diameter [4, 18].
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Time for resolution of edema and subsequent final BCVA achieved are inversely 
related to the area of involvement [4, 14, 18, 19]. Not uncommonly diagnosis of 
corneal opacity is made.

16.2.5  Investigations

The diagnosis is usually based on the patient’s medical history and the results of 
slit-lamp examination. Investigations are required to assess the size and extent of 
edema and DM tear, which aids in the formulation of a treatment strategy, the moni-
toring of treatment response, and the identification of any complications. Ultrasound 
biomicroscopy (UBM) and anterior segment optical coherence tomography 
(ASOCT) are the two investigative techniques [4, 17, 20] (Fig. 16.2a, b).

16.2.6  Management

Acute CH can be treated conservatively or surgically, with the latter usually involv-
ing intracameral injection of air or gas [4, 19]. PKP compressive sutures with gas 
injection [21], cyanoacrylate tissue adhesive with BCL [22], and amniotic mem-
brane transplantation (AMT) with cauterization are other surgical modalities that 
are useful in special circumstances [23].

A standard of care for the management of corneal hydrops, employing either 
topical ophthalmic medications or surgical intervention in the form of an intraocular 
injection, has yet to be established. A logical approach to treatment is to reduce the 
patient’s symptoms and expedite corneal healing.

16.2.6.1  Conservative Approach
The goal of medical treatment is to provide symptomatic relief until the condition 
improves on its own. It includes topical lubricants, antibiotics (prevent secondary 
infection), cycloplegics (to reduce pain and photophobia), hypertonic saline eye 

a b

Fig. 16.1 Slit-lamp examination in a case of hydrops showing (a). Stromal edema (b). Rupture in 
Descemet’s membrane and cleft
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drops (help draw fluid), anti-glaucoma medications (topical 0.5% Timolol maleate) 
(to lessen the hydrodynamic force on the posterior cornea), and topical steroids or 
nonsteroidal anti-inflammatory drugs (NSAIDs) [4, 13–15, 19]. Patching may be 
resorted to in cases with extremely thin corneas. The final best-corrected visual acu-
ity (BCVA) is found to be comparable to surgery. A BCL may be used to provide 
pain relief till the edema resolves, or the patient becomes comfortable [4, 13–15, 19].

16.2.6.2  Intracameral Air/Gas Injection
Intracameral air/gas injection shortens the period of persistence of corneal edema in 
CH. Various agents used include air [24], 20% sulfur hexafluoride (SF6) [25], 14% 
perfluoropropane (C3F8) [13]. These agents have a tamponade action, which 

a

b

Fig. 16.2 (a) Ultrasound biomicroscopy in a case with hydrops at presentation and after SF6 
injection. (b) ASOCT of the same patient as in Fig. 16.1, a. pre SF6 injection (Marked thickening 
of the cornea with multiple empty spaces as fluid clefts) b. post-SF 6 injection (Restoration to 
normal corneal thickness and disappearance of clefts)
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inhibits aqueous from penetrating the stroma, as well as unrolling the ruptured 
DM’s torn ends [4, 13, 19].

Because air lasts for a shorter period of time, repeat injections may be neces-
sary [4]. SF6, on the other hand, has a longer half-life than air (about 2 weeks), 
so repeat injections may be necessary [4]. C3F8 is the most long-acting of the 
three, and a single injection is generally sufficient [4, 13]. However, because the 
gas persists in the anterior chamber for a longer period, there is a chance of 
development of secondary glaucoma, which may lead to permanent blindness. 
Furthermore, the gas is toxic to the endothelium, which could lead to corneal 
decompensation and future corneal opacities. However, the use of a non-expans-
ile concentration of perfluoropropane gas for successful reattachment of 
Descemet’s membrane tear after complicated cataract surgery has been described 
as a safe and effective method [13]. The absorption of SF6 injection from the 
anterior chamber takes 2 weeks. The corneal endothelium remains unaffected. 
Nonetheless, it is regarded safer than C3F8 because it expands twofold in 
24–48 h [25].

There are different techniques for injecting air or gas.

Procedure
Preoperative pupillary constriction by topical application of 2% pilocarpine nitrate 
eye drops at 15–20 min intervals 1 h before surgery to avoid intraoperative injury to 
the lens; anterior chamber (AC) paracentesis under aseptic conditions with a 26/27 
gage needle or alternately a limbal paracentesis; aspiration of 0.1 mL of aqueous 
humor and injection of air/gas (14% non-expansile concentration of C3F8, 20% 
non-expansile concentration of SF6, sterile air) enough to fill two-thirds of the AC 
[4, 13, 19, 24, 25].

Postoperatively, a supine position is advised to the patient at least for 48 h or 
until the beginning of the resolution of corneal edema, topical antibiotics, hyper-
tonic saline, and steroids are given. Anti-glaucoma treatment may have to be given 
to avoid any rise of intraocular pressure (IOP), acetazolamide tablets 250  mg 3 
times daily for 3 days is given. In case of persistence of edema, repeat injections can 
be given [4, 13, 19]. Various studies have recommended repeat injections for the 
complete resolution of edema [24, 25].

Miyata et al. reported that repeat air injections resulted in an average resolution 
time of 20.1 ± 9.0 days, while Panda et al. reported that corneal edema resolves in 
4 weeks with intracameral SF6. Various complications associated with intracameral 
substitutes are elevation of IOP, infection, endothelial damage, and intrastromal 
migration of gas.

16.2.6.3  Compressive Sutures
Compressive sutures along with gas injection have been tried in severe cases with 
wide separation of the DM edges and multiple stromal clefts [4, 21].

Compression sutures are applied for large gaping Descemet membrane tears or 
if edema persists after gas injection alone. Application of compressive sutures 
helps to bring the gaping edges closer and hastens the resolution of the edema [21].
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Procedure: After injection of gas bubble in the anterior chamber, which delin-
eates the Descemet tear or stromal cleft, 2–5 full-thickness sutures with 10-0 nylon 
are applied across the tear, starting from about 1 to 2 mm from its edges. The patient 
is kept in the supine position for 3 days.

Adding compression sutures is observed to reduce the recovery time signifi-
cantly, especially in the presence of stromal clefts, and also to prevent repeated gas 
injections [21].

16.2.6.4  PKP
PKP is required rarely in cases of persistent edema, perforation, large DM tear, large 
intrastromal cyst, and corneal neovascularization [4, 19]. Results of PKP being 
guarded with increased inflammation in the immediate postoperative period.

16.2.6.5  Cyanoacrylate Tissue Adhesive with BCL
Cyanoacrylate tissue adhesive with BCL can be done in cases of small perforation 
with fistula formation [4, 22].

16.2.6.6  AMT with Cauterization
AMT with cauterization has been tried in persistent hydrops in mentally retarded 
patients as a quick and effective treatment with good results [4, 23].

Cauterization coupled with stromal puncture allows the excess fluid from the 
stroma to evaporate but leaves a thermally injured epithelium and stroma. Amniotic 
membrane (AM) strongly reduces inflammation, vascularization, and scarring, 
which could explain the improvement of corneal clarity without intense scarring, 
even in previously significantly edematous areas that received many cautery 
applications.

Procedure: 15–32 cautery applications (500  kHz) are performed to the entire 
oedematous area with continual saline irrigation to the point of mild whitening of 
the treated patches using diathermy. At the point of maximum edema, a 24-gage 
disposable needle is used to penetrate the stroma. Following cauterization, pre-
served human AM is applied to the cornea with the epithelial side facing outward 
and fixed to the eye with interrupted 10-0 nylon sutures, covering the entire coagu-
lated area with a small margin of clear tissue before applying BCL. One patient was 
reported to have developed superficial vascularization that increased over time as a 
complication of this procedure.

16.2.6.7  ASOCT Guided Intrastromal Fluid Drainage 
with Air Tamponade

It can be done when there is extensive corneal edema with the presence of multiple 
stromal fluid pockets. Depending on the location of fluid pockets as detected by 
preoperative ASOCT, numerous corneal stromal venting incisions are made to drain 
the collected fluid in addition to anterior chamber air tamponade. This technique 
was found to reduce the duration of morbidity and avoid potential complications 
associated with repeat gas injections [26].
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16.2.6.8  Microscope-OCT-Guided Puncture and Intrastromal Fluid 
Pockets Drainage with Gas Tamponade

Recently a novel technique consists of the MI-OCT-guided puncture and drainage 
of intrastromal fluid pockets combined with anterior chamber sulfur hexafluoride- 
fill, and compression pre-descemetic sutures using a commercially available 
MI-OCT has been described in small corneal defects. There was the fast resolution 
of corneal edema and reattachment of DM to the corneal stroma. Corneal thickness 
decreases with quick recovery of visual acuity [27].

Approach to Management
Topical treatment for corneal hydrops can take 2–4 months to resolve completely, 
whereas a surgical method can shorten the duration. While surgical intervention 
provides a rapid response, topical treatment is less intrusive and has fewer risks. The 
final visual result will be similar to either method. Perhaps the most successful treat-
ment technique should be determined by the size, location, and amount of edema. If 
the hydrops is off-center and the patient’s complaints are minor, topical treatment 
may be sufficient. Conversely, if the edema is large in diameter and central, and 
central scarring affecting visual acuity status post healing is a concern, referral to a 
cornea specialist for surgical intervention may be warranted.

16.2.7  Outcome

Hydrops leaves a scar on the cornea and renders it a flatter contour. Because the 
cone in KC normally does not involve the central area, VA may improve after the 
hydrops has healed [4, 13, 14, 19]. Corneal flattening can also help contact lenses fit 
better [4, 13, 14, 19].

16.2.8  Acute Corneal Hydrops with Microbial Keratitis

Acute corneal hydrops may rarely be complicated with superimposed infection 
leading to microbial keratitis. Breaks in Descemet membrane, stromal edema, dis-
rupted stromal lamellae, epithelial bullae and their subsequent rupture is a cause of 
compromised mechanical barrier which can lead to the development of epithelial 
defect and secondary infection. The infection may rapidly spread throughout the 
cornea and can be a cause of scarring, neovascularization, and loss of vision, neces-
sitating subsequent keratoplasty. Additionally, eye rubbing and concurrent use of 
topical steroids are contributory factors. Thus, prophylactic topical antibiotics 
should always be considered when treating acute corneal hydrops.

16.2.8.1  Diagnosis
The patient usually presents with onset of severe pain, photophobia, mucopurulent 
discharge, and diminution of vision. Corneal scrapings should be obtained for 
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Gram, Giemsa, and potassium hydroxide smear and for culture and sensitivity in 
addition to B-scan ultrasonography to rule out posterior segment involvement.

16.2.8.2  Treatment
The management of corneal hydrops with coexistent microbial keratitis is similar to 
infective keratitis. Broad-spectrum antibiotics should be started to be later reviewed 
as per the sensitivity reports. Treatment can be initiated with fortified cefazolin sul-
fate 5% eye drops and tobramycin 1.3% eyedrops alternated every hour, homatro-
pine 2% eyedrops four times a day, anti-glaucoma drugs, and artificial tears every 
4 h remain conventional treatments. Topical steroids need to be discontinued till 
complete healing of the epithelial defect.

16.3  Corneal Perforation

16.3.1  Introduction

Corneal perforation is full-thickness defect in the cornea. Although rare, spontane-
ous corneal perforation in KC and PMD [28, 29] can occur. In all these cases, per-
foration is preceded by hydrops [22]. Globe rupture has also been reported in 
advanced Terrien’s marginal degeneration following eye rubbing in a young 
male [30].

Corneal stromal loss is thought to be caused by an imbalance in corneal homeo-
stasis in TMD, with spontaneous perforation occurring in 9% of cases [31]. Early 
diagnosis and close observation are essential in TMD to prevent ocular injuries 
spontaneously or following trivial trauma.

Corneal tear or globe rupture in keratoglobus can occur either spontaneously or 
following trivial trauma. Cameron et al. had reported that 7/11 patients (9 eyes) hav-
ing keratoglobus with blue sclera with connective tissue disorder, had a rupture 
either spontaneously or secondary to trivial trauma [32].

16.3.2  Clinical Features

In most cases, the presence of a corneal perforation is unambiguous.
Visual impairment, mild pain, and leakage that may be mistaken for tears are 

common symptoms. A perforation site, as well as shallowing or flattening of the 
anterior chamber, are classic indicators. Some perforations, however, do not appear 
to leak. The Seidel test can be useful in these situations. The eye is injected with 
concentrated fluorescein (in the form of drops or a dye strip). Dilution of the green 
fluorescein by aqueous leakage is seen as blue fluid pouring down the eye on slit- 
lamp examination with cobalt blue light. Another tell-tale sign of corneal perfora-
tion is a brown pigment from the iris in the wound itself.
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16.3.3  Management

Management Options include the application of cyanoacrylate tissue adhesive with 
bandage contact lens, patch grafts and lamellar or penetrating keratoplasty [22, 28, 
29, 33].

16.3.3.1  Cyanoacrylate Tissue Adhesive with Bandage Contact 
Lens (BCL)

It is indicated as the primary modality of treatment when perforation size is <2 mm 
in diameter. Conservative management of hydrops with bandage lens therapy has 
the advantage of corneal flattening and reduced astigmatism after the resolution, as 
well as the avoidance of surgical risks. A trial of bandage lens therapy is recom-
mended before surgical intervention in individuals with hydrops and perforation 
because of the potential advantages and avoidance of risk [34].

Technique: The area of perforation is dried using a merocele sponge, and cyano-
acrylate glue is applied over the area, followed by the application of a BCL. Because 
glue expands when it polymerizes, it is important to underfill the defect. Too much 
glue will result in an elevated mass, which is irritating for the patient and hinders 
contact lenses from fitting properly.

16.3.3.2  Patch Graft
Done for a small perforation outside the visual axis, preferably 3 mm in diameter or 
smaller.

16.3.3.3  Lamellar Transplant
It is indicated if the perforation is >2 mm, entails partial stromal loss or if the patient 
is intolerant to the gluing procedure. A layer-by-layer dissection is performed, peel-
ing away the layers of cornea from the healthy cornea to the perforated area, fol-
lowed by donor lamellar graft transplantation and suturing.

16.3.3.4  Penetrating Keratoplasty
Essential for treating large perforations or when a lamellar transplant would require 
cutting or suturing through visual axis. A full-thickness corneal trephination is 
done, and donor cornea is secured on host bed using sutures.

16.4  Rehabilitative Procedures

Once the CH or perforation resolves, the other visual rehabilitative procedures like 
contact lens fitting, keratoplasties are done. Deep anterior lamellar keratoplasty 
using the layer-by-layer technique and avoiding big bubble formation has been 
shown to give good results.
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16.4.1  Nonsurgical Management

16.4.1.1  Optical Correction
Spectacle correction has a very limited role in ACE.  However, patients who are 
intolerant to contact lenses and do not want to undergo surgery may be prescribed 
spectacles.

16.4.1.2  Contact Lenses
Newer-generation lenses such as Rose K lenses (Menicon), scleral lenses, Prosthetic 
Replacement of the Ocular Surface Ecosystem (PROSE; BostonSight), and the 
Boston Ocular Surface Prosthesis (BOSP; BostonSight) have shown promise in 
ACE in early studies [35]. These lenses, which provide improved visual acuity and 
stability, may be an alternative for patients who have failed to respond to other 
treatments.

16.4.2  Surgical Management

Most cases of ACE require surgery for visual rehabilitation and for improving cor-
neal strength.

Challenges in Surgical Management of ACE
Because the paracentral and peripheral corneas are involved, a big graft with a 
closer proximity to the limbus is necessary, which increases the risk of graft rejec-
tion; extreme corneal thinning makes suturing difficult and increases the risk of 
intraoperative Descemet membrane rupture.

16.4.2.1  Intrastromal Corneal Ring Segment (ICRS)
ICRS implantation is a method of improving contact lens tolerance and BCVA for 
patients with corneal ectasia and a clear cornea. Intacs SK (Addition Technology) 
was recently developed for severe keratoconus, with good results and no noticeable 
concerns. Long-term results and their relevance in indications other than keratoco-
nus, however, need to be confirmed [1, 36].

16.4.2.2  Large-Diameter PKP
Is performed in ACE with a caveat to include the thinned-out corneal periphery. The 
increased likelihood of rejection due to closeness to the limbus and severe postop-
erative astigmatism associated with a decentred graft are also issues with such grafts 
[1, 37].

16.4.2.3  Lamellar Keratoplasty (LK)
Crescentic LK, compressive C-shaped LK, and modified deep LK are variations in 
LK that have been reported for treating ACE.  A match-and-patch lamellar graft 
method is used in most cases. The recipient bed is then sutured with a lamellar 
donor that is 0.25–0.50 mm undersized. Ectasia is flattened and reduced as a result 
[1, 38].
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16.4.2.4  LK with PKP
This combination procedure combines the advantages of a lamellar graft and a full- 
thickness graft. A large-diameter lamellar graft can provide tectonic support to the 
weakened peripheral host cornea, and a central small-diameter, full-thickness graft 
can provide excellent visual outcomes [1].

16.4.2.5  Simultaneous Peripheral Crescentic LK and Central PKP
LK and PKP are done in a single step. The LK procedure is performed first to 
restore normal thickness to the peripherally thinned cornea and to allow for ade-
quate edge-to-edge apposition during the PKP procedure, which is done subse-
quently [39]. The benefit of this method is that it eliminates the requirement for two 
donor corneas, as would be the case with sequential LK and PKP.

16.4.2.6  Tectonic LK Followed by Secondary PKP
A tectonic LK is performed in this method, and secondary PKP is performed in a 
second surgical session, usually 6 months later [40].

16.4.2.7  Tuck-in Lamellar Keratoplasty (TILK)
TILK is an LK technique designed for eyes with severe peripheral corneal thinning 
disorders such PMD, keratoglobus, post-PKP ectasia, and eyes with both keratoco-
nus and PMD [41, 42].

16.4.2.8  Wedge Resection
This technique is useful When ectasia is limited to a small sector of the corneal 
periphery [43, 44]. It is advantageous over a corneal graft by ways of preservation 
of the natural core cornea, the absence of graft rejection or interface haze improved 
wound strength, and faster visual rehabilitation [43, 44]. However, because of the 
constant tension at the sutured site, unstable postoperative astigmatism remains a 
concern.

16.5  Conclusion

Acute corneal hydrops and corneal perforations are emergencies encountered in 
ACE.  Newer diagnostic modalities like ultrasound biomicroscopy, ASOCT, and 
confocal microscopy are helpful in diagnosis and planning of treatment. In compari-
son to medical treatment alone, management with interventions such as intracam-
eral air/gas injection reduces the length of symptoms and the risk of consequences.

16.6  Recommendations

Acute corneal hydrops and corneal perforation are emergent presentations of kera-
toconus and other ectatic conditions. Intracameral air/gas injections are useful in 
severe cases in reducing morbidity and also the risk of complications such as cor-
neal neovascularization.
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Key Points

• Advanced corneal ectasia (ACE) occurs in keratoconus, pellucid marginal degen-
eration, Terrien’s marginal degeneration, keratoglobus, and post-LASIK 
keratectasia.

• Management of ACE is challenging. All efforts to be made to manage keratecta-
sias to prevent the development of emergent situations like Corneal hydrops and 
perforations.

• Intracameral gas/air decreases the duration of corneal edema, other symptoms 
and corneal neovascularization once corneal hydrops develops. Less severe cases 
with the total size of corneal edema <3 mm may be just managed conservatively, 
and else there is no resolution.
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17Stevens–Johnson Syndrome

Margaret C. Pollard, Laura M. Le, 
and Deepinder K. Dhaliwal

17.1  History and Classification

In 1922, Stevens and Johnson reported two young boys with mucous membrane 
inflammation, conjunctivitis, stomatitis, and fever; this report was the first publica-
tion describing Stevens–Johnson Syndrome (SJS). The term toxic epidermal necrol-
ysis was first introduced in 1956. Based on core differences in demographics, 
associated diseases, causes, and severity, erythema multiforme major (EMM) is 
now classified as a distinct disease entity from SJS/TEN [4]. Current classification 
of these bullous dermatosis conditions fall under five categories, in order of increas-
ing severity: erythema multiforme major, SJS, SJS/TEN overlap, TEN with spots, 
and TEN without spots. SJS involves <10% body surface area, TEN involves >30% 
body surface area, and SJS/TEN overlap describes the continuum between 10 and 
30% body surface area. Differing from EM, the distribution of SJS and TEN lesions 
is widespread, with common localization on the head and trunk, and typical ocular 
involvement. Cause is another key distinguishing factor, as the herpes simplex virus 
is a common cause of EM, while medications typically cause SJS and TEN [1].
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17.2  Etiologies

SJS is thought to be an autoimmune response to environmental medications or 
infection, though the pathogenesis is still not fully understood. SJS most commonly 
arises as a severe adverse reaction to sulfonamides antibiotics, followed by analge-
sics, nonsteroidal anti-inflammatory drugs (NSAIDs), psycho epileptics, and anti- 
gout drugs, with highest risk of disease being during the first 2 months of treatment 
(Table 17.1). Mycoplasma pneumoniae is the most common infectious agent associ-
ated with SJS. Other pathogens associated with SJS include the Yersinia species, 
and Herpes virus [5, 6].

17.3  Pathogenesis

The high SJS recurrence rate in certain individuals has suggested a potential genetic 
predisposition and susceptibility. Mutations in human leukocyte antigen (HLA) and 
metabolic genetic elements (cytochrome P450) have been associated with drug- 
induced SJS [5].

It is thought that drug metabolites initiate an immune response in susceptible 
individuals. Fas–Fas ligand interactions, immune cell activation (MHC class I and 
T cell receptors), and cytokine release all are thought to play a role. The end result 
is an overwhelming inflammatory cascade resulting in keratinocyte apoptosis, blis-
tering, and systemic inflammation [7].

17.4  Clinical Features

17.4.1  Systemic

SJS symptoms typically present 4–21 days after offending drug use. One to three 
days prior to mucocutaneous lesion development, a prodromal period is marked by 
non-specific lymphadenopathy and influenza-like symptoms, including fever, mal-
aise, myalgia, and arthralgia. Early indicators of SJS are photophobia, conjunctivi-
tis, dysphagia, skin tenderness, stomatitis, mucositis, and blistering [8].

Table 17.1 Common medications associated with SJS

Category Drugs
Aromatic
Anticonvulsants

Carbamazepine, lamotrigine, phenobarbital, phenytoin, oxcarbazepine

Antibiotic Beta-lactam antibiotics (aminopenicillins and cephalosporins), quinolones 
(ciprofloxacin), clarithromycin

Antiviral agents Nevirapine
Sulfonamides Dapsone, sulfasalazine, sulfamethoxazole
Others Allopurinol, NSAIDs, COX-II inhibitors, strontium ranelate
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Cutaneous lesions then present on the face and thorax, spreading diffusely in a 
symmetrical distribution. These lesions are characterized as irregular, coalescing, 
red macules with purpuric centers that develop into urticarial plaques, bullae, or 
vesicles. The lesions consist of a vesicular, purpuric, or necrotic core with surround-
ing erythema; ultimately progressing to the sloughing of skin and a positive Nikolsky 
sign, the dislodgement of intact superficial epidermis with lateral finger pressure. 
The esophagus, upper airway, genitalia, and tracheobronchial tree may be affected, 
as any mucosal surface can be involved. Severe cases can be life threatening with 
acute renal failure, severe pulmonary involvement, hepatic dysfunction, sepsis, gas-
trointestinal bleeding, and secondary infections [9].

17.4.2  Acute Ocular

A large majority of patients with SJS/TEN will develop ocular manifestations. 
Acute ocular involvement is reported to occur in 50–88% of SJS/TEN cases [10–
12]. In the acute phase of SJS, there is rapid onset keratinocyte apoptosis and sec-
ondary effects of inflammation, causing ocular surface epithelium degradation. The 
acute phase of SJS has been defined as the first 2–6 weeks. However, it is most 
prudent to consider the acute phase as beginning with the onset of signs and ending 
with resolution of skin and mucosal ulcerations [12].

Early eye involvement can be highly variable. Mild cases present as conjunctivi-
tis and self-limited hyperemia and localized epithelial defects on the bulbar or pal-
pebral conjunctiva. Severe cases can present as total sloughing of the entire ocular 
surface epithelium. Symptoms of pain and photophobia are more pronounced with 
more severe findings.

Pathology involves the entire ocular surface epithelium, including the (a) con-
junctiva, (b) eyelid skin and margins, (c) lacrimal gland and accessory glands, and 
(d) cornea (Figs. 17.1 and 17.2).

 (A) Lid Margins and Eyelid

a cb

Fig. 17.1 (a–c) Slit lamp picture showing subacute SJS with intense conjunctival hyperemia and 
formation of symblepharon; Conjunctival necrosis and pseudo membranes; and trichiatic eye lashes
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The eyelids and eyelashes lose their normal architecture from tissue contrac-
ture and cicatricial changes, resulting in cicatricial entropion, trichiasis and 
distichiasis (Fig. 17.1c). The sites of tarsal and bulbar conjunctival acute-stage 
ulceration highly correlate with the development of late-stage posterior lid 
margin keratinization. Meibomian gland destruction and keratinization of the 
lid margins further create irregularities that propagate chronic ocular surface 
damage from blink-related trauma.

 (B) Lacrimal and Accessory Glands
In the acute phase, intense and diffuse inflammation can destroy conjunctival 
goblet cells, accessory lacrimal glands, and the main lacrimal gland’s secretory 
ductules. Inflammation in the lacrimal gland and scarring of the lacrimal ducts 
lead to reduced aqueous tear production and dysfunctional tear film.

 (C) Conjunctiva
At initial presentation, bilateral conjunctival hyperemia is the most common 
ocular finding. Though typically bilateral, findings can be asymmetric. 
Conjunctivitis can occur before, simultaneous to or after systemic skin erup-
tions. Conjunctival epithelial defects on the bulbar or palpebral conjunctiva can 
be localized. However, severe cases are manifested by diffuse conjunctival 
sloughing of the bulbar and tarsal conjunctiva. Pseudomembranes or true mem-
branes can form. Symblepharon formation and foreshortening of fornix can 
develop rapidly from adhesion of de-epithelialized tarsal and bulbar conjunc-
tiva. Normal conjunctival mucosa becomes replaced with cicatricial epithelium 
and scar tissue. Tarsal conjunctival scarring, when present is typically seen 
within weeks of onset (Fig. 17.1a, b)

 (D) Cornea
The cornea can acutely develop corneal epithelial defects that can lead to cor-
neal ulceration, infection, and can ultimately lead to corneal perforation. 
Corneal limbal stem cell destruction is a dreaded complication, leading to cor-
neal neovascularization, conjunctivalization of the cornea, and vision loss. 
Corneal limbal stem cell deficiency is especially difficult to treat in the setting 

a cb

Fig. 17.2 (a–c) Slit lamp picture showing acute SJS with epithelial defects in conjunctiva and 
cornea. Also seen is the formation of conjunctival pseudo-membrane and conjunctivalization 
of cornea
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of SJS and makes future corneal transplantation higher risk for failure [1, 12–
14] (Fig. 17.2a–c).

17.5  Medical Management

17.5.1  Systemic Therapy

The only systemic intervention with evidence-based benefit on mortality is support-
ive care. Supportive care in an intensive care unit equipped to manage burn patients 
is preferred. These patients are often critically ill; fluid balance, respiratory func-
tion, and nutrition must be closely monitored.

The use of systemic corticosteroids, steroid sparing immunotherapy, and intrave-
nous immunoglobulin has been reported both in the acute and chronic phase for 
systemic and ocular inflammation. Though immune modulators help reduce ocular 
and systemic inflammation, their role remains controversial. Lack of controlled tri-
als evaluating their effectiveness, short-term and long-term side effects, and possi-
ble increased risk of infection must be considered [15, 16].

17.5.2  Ocular Examination and Classification

The skin and systemic involvement in SJS/TEN does not always correlate to the 
severity of eye involvement. Within the initial few days of SJS onset, there can be 
rapid eye inflammation progression. Any patient with SJS/TEN should be immedi-
ately evaluated by an ophthalmologist at their initial presentation, since timing of 
intervention is critical. Any patient with ophthalmic manifestations should have 
daily evaluations by an ophthalmologist since the severity can change quickly [17]. 
Daily exams should continue until it is clear that no worsening is evident. Hospital 
staff should be educated regarding the need for prompt ophthalmology evaluation in 
SJS/TEN patients. Evaluating ophthalmologists should be knowledgeable regarding 
indications for therapies, including amniotic membrane transplantation.

Daily examination by an ophthalmologist is of crucial importance. Examinations 
are typically done at the bedside given patients’ critically ill status. Evaluating the 
extent of sloughing and symblepharon should start with a physiologic saline rinse to 
remove debris, followed by examination with fluorescein and a hand-held ophthal-
moscope with blue-light filter. Emphasis is placed on examination of the fornices 
and tarsal conjunctiva, and to quantify degree of epithelial sloughing. To detect 
early symblepharon formation, fornices should be examined carefully, with lid 
retraction or eversion if necessary.

Quickly identifying inflammation and epithelial sloughing is crucial to minimiz-
ing long-term ophthalmologic complications, such as symblepharon formation and 
scarring. Gregory et al. proposed a grading scheme and associated treatment guide-
line for acute SJS and TEN in 2016 based on a prospective case series of 79 con-
secutive patients [18]. Mild cases are classified as conjunctival hyperemia with no 
staining of the conjunctiva, cornea, or lid margin. Moderate cases have discrete 
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areas of conjunctival staining <1  cm, no corneal epithelial defect and epithelial 
sloughing involving <1/3 lid margin. Severe cases have at least one of the following: 
(1) corneal epithelial defect, (2) any bulbar or palpebral conjunctival staining >1 cm 
in largest diameter, (3) staining of >1/3 of at least 1 lid margin. Extremely severe is 
multiple areas of severe involvement (Table 17.2). This grading system provides a 
clinically relevant guideline to direct management based on measurements that can 
be made at the patient’s bedside.

A flow diagram of recommended medical treatments for corresponding SJS ocu-
lar manifestations has been adapted (Fig. 17.3).

17.5.3  Acute Topical Therapy

Conventional medical therapy consists of ocular lubrication, sterile saline rinses, 
symblepharon prevention, anti-inflammatories, and antibiotic prophylaxis. Medical 
therapy alone may be appropriate in mild and moderate disease that is not progres-
sive. Topical medications have no proven benefit and there is a lack of published 
cases and evidence-based guidelines in this regard. Still, medical therapy is thought 
to play a role and is prudent to institute. Cycloplegics or bandage contact lenses do 
not play a role in treatment.

Table 17.2 Ophthalmologic grading criteria and treatment recommendations for acute Stevens–
Johnson syndrome (adapted from: Gregory DG. New grading system and treatment guidelines for 
the acute ocular manifestations of Stevens-Johnson syndrome. Ophthalmology. 
2016;123(8):1653–1658)

Staining location and 
treatment 
recommendations

Severity of eye involvement

Mild Moderate Severe Extremely severe
Lid margin No stain Stain <1/3 of 

lid margin 
length

Stain >1/3 of 
lid margin 
length on at 
least 1 lid

Stain >1/3 of lid 
margin length on 
more than 1 lid

Cornea No stain No stain Any epithelial 
defect more 
than punctate 
staining

Any epithelial 
defect more than 
punctate staining

Conjunctiva (bulbar 
and palpebral)

Hyperemia, 
without stain

Stain <1 cm in 
greatest 
diameter

Stain >1 cm Multiple areas of 
stain >1 cm

Treatment 
recommendations

Medical Medical and 
close 
observation

Medical and 
urgent AMT

Medical and 
urgent AMT 
(may require 
repeat AMT)

AMT amniotic membrane transplantation
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17.5.3.1  Ocular Lubricants
Preservative-free lubricants 4–6 times daily during the acute stage may help rinse 
inflammatory substances and lubricate the ocular surface.

17.5.3.2  Topical Anti-Inflammatories
During the acute phase, topical corticosteroids can minimize surface ocular dam-
age; the frequency of dosing can vary. There are no evidence-based dosing sched-
ules or durations for topical treatment; however, a schedule of prednisolone acetate 
1% 4–6 times daily is common. Dexamethasone 1% drops twice daily is an alterna-
tive. Combination tobramycin 0.3% plus dexamethasone 0.1% ointment (TobraDex; 
Alcon), dexamethasone or fluorometholone ointment should be applied to the lid 

Suspected diagnosis of SJS

Urgent Ophthalmology examination

Ophthalmic manifestations

Daily Evaluations by ophthalmologist until no worsening

Medical management + daily eye
exams

Preservative-free lubricants

Topical corticosteroids and 
anti-inflammatories

Prophylactic topical antibiotics

Antibiotic/steroid to eyelid margin

+/– Prokera

Moxifloxacin 0.5% 4x/daily +

cyclosporine 0.05% 2x/daily +

Prednisolone acetate 1% 4-6x/daily +

Combination 0.3% tobramycin and
0.1% dexamethasone ointment to lid
margins 2-4xdaily

Example:

Stable or
improvement?

Worsening?
Medical management +

Urgent amniotic membrane
transplantation

Persistent significant
inflammation after 10-14 days?

Repeat AMT, up to 3
applications

Medical managament

Mild: Conjunctiva (bulbar and
palpebral) hyperemia

Moderate: Stain <1/3 of lid
margin length, stain <1 cm

perilimbal bulbar conjunctiva

Severe: Stain >1/3 of at least 1
lid margin length, stain >1 cm

conjunctiva, any corneal
epithelial defect

Fig. 17.3 Treatment algorithm for acute management of SJS ocular manifestations
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margins 2–4 times daily. Several case reports have suggested topical cyclosporine’s 
beneficial lessening of acute ophthalmic complications for TEN patients. Topical 
cyclosporine 0.05% is administered twice daily and can be continued long-term. 
Steroids are continued until ocular surface inflammation appears resolved, then can 
be tapered.

17.5.3.3  Topical Antibiotics
Prophylactic topical antibiotics to patients with ocular involvement decreases the 
risk of further ocular infection [13]. Moxifloxacin 0.5% achieves high conjunctival, 
corneal, and tear film concentration in comparison to other fluoroquinolone drops as 
well as having a preservative-free formulation [17]. Typical dosing is 3–4 times 
daily. Application of combination antibiotic/steroid ointment to the eyelid margins 
is often used as above.

17.5.3.4  Prokera and Symblepharon Preventative Measures
Prokera (Biotissue, Miami, FL) is an amniotic membrane fixed on a polycarbonate 
ring that is placed over corneal and perilimbal regions, acting as a biological contact 
lens. At the ocular surface, Prokera facilitates re-epithelialization through the amni-
otic membrane’s anti-inflammatory effects. Despite some noted good outcomes of 
acute SJS/TEN cases treated with Prokera [19], Prokera alone does not treat eyelid 
margin and tarsal conjunctiva involvement. It may be appropriate in cases with iso-
lated perilimbal bulbar conjunctival staining and may be used in conjunction with 
amniotic membrane transplantation to the eyelids. If severe tarsal and eyelid margin 
involvement is present, ocular surface reconstruction with large sheets of amniotic 
membrane is needed [18].

Symblepharon preventative measures include symblepharon rings in conjunction 
with amniotic membrane. The amniotic membrane separates deepithelialized palpe-
bral conjunctiva and bulbar conjunctiva from becoming apposed and adherent, and 
the symblepharon ring keeps the fornices formed. Symblepharon rings alone are not 
sufficient in preventing lid scarring. A combination of subconjunctival triamcino-
lone (Kenalog 20  mg) injections, symblepharon rings, and a Prokera (Biotissue, 
Miami, Florida, USA) has been described [20], however this may only be useful in 
a small subset of patients. More commonly, a symblepharon ring is placed at the 
time of amniotic membrane transplantation and removed once the membrane has 
dissolved. Symblepharon ring can be obtained commercially or formed and custom 
fit to the fornices individually using IV tubing and connected with a variety of plas-
tic tubing connectors.

Previously “sweeping the fornices” with a glass rod has been emphasized as a 
method to prevent symblepharon formation. Though mechanical lysis of symbleph-
aron may have a role, it is more important to control the inflammation that leads to 
symblepharon formation. Mechanical lysis can be performed to aid in examination 
and implementation of additional therapy, but this should not be considered a stand- 
alone treatment modality.

M. C. Pollard et al.
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17.6  Acute Surgical Management

17.6.1  Background

In 2002, the first report of successful use of amniotic membrane transplantation 
(AMT) as a therapy for acute ocular SJS/TEN was published [3]. Since then, many 
case series have followed, with growing evidence from case control and small ran-
domized studies supporting AMT’s role for prevention of severe ocular scarring and 
subsequent long-term morbidity [21, 22]. Amniotic membrane is the placental 
innermost layer of fetal membranes, composed of a single layer of epithelial cells 
fixed to a thick basement membrane with an avascular stromal matrix. It has anti- 
inflammatory and anti-scarring effects [23].

Early intervention is critical in preventing ocular surface scarring and damage, as 
there is a limited window of opportunity within the first week of symptom onset to 
make a difference with AMT [17]. AMT should be done as early as possible within 
the first week of symptom onset.

Prior to 2016, there were no clear guidelines or treatment algorithm for when 
AMT is indicated and when medical management alone may be sufficient. Based on 
Gregory’s proposed guidelines, indications for AMT are severe eye involvement; 
any corneal epithelial defect, any bulbar or palpebral conjunctival staining >1 cm in 
largest diameter, or staining of >1/3 of at least 1 lid margin. Patients with mild and 
moderate involvement may be treated with medical management; however, in 
equivocal moderate cases, the general rule is to err on the side of treatment with 
AMT [18].

17.6.2  Amniotic Membrane Transplantation

AMT can be done at bedside under local anesthesia and/or conscious sedation if the 
patient’s status allows and depending on the complexity of suturing required 
(Fig. 17.4). In other cases, intervention under general anesthesia in the operating 
room may be required, especially in the pediatric population. SJS/TEN patients are 
critically ill and often undergoing life support measures.

17.6.2.1  Technique
A sterile saline rinse is performed to remove mucous debris and necrotic tissue from 
the ocular surface and lid margin. Eyelashes are trimmed to better appose mem-
brane to the meibomian glands. Antibiotic drops can be administered. Given the 
inflamed state of the ocular surface, standard povidone-iodine prep is generally 
not used.

There are multiple techniques for amniotic membrane transplantation and the 
surgical technique below is adapted from multiple surgeons [12, 24, 25].

With the stromal side down, cryopreserved amniotic membrane (typically 
5 cm × 10cm) is partially peeled away from its carrier paper. The membrane is 
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positioned on the upper eyelid and may be sutured in place with running 8-0 nylon 
suture or in an interrupted fashion with bolsters. Generally, nonabsorbable suture 
is preferred as it incites less inflammatory reaction. The membrane is then removed 
from the nitrocellulose paper after it is attached superiorly. A blunt, 19-gauge can-
nula or muscle hook is used to sweep and flatten the membrane from the center to 
the edges; the membrane can be rewetted if it becomes dry and should not be 
grasped or handled with toothed forceps. The upper eyelid is then retracted, which 
aids in pushing the membrane into the upper fornix. A double-armed 6-0 polypro-
pylene suture can be passed through the membrane full-thickness deep into the 
fornix and out through the eyelid skin, with twin passes 1 cm apart and tied over 
plastic bolsters. A symblepharon ring is then placed over the membrane and into 
the upper fornix to position the membrane in the fornix. The ring-membrane com-
plex is placed in the lower fornix as the lower eyelid is retracted. The inferior 
forniceal sutures are placed in a similar fashion as superiorly. The membrane is 
then positioned over the lower eyelid margin and secured to the external lower 
eyelid using running or interrupted nonabsorbable suture. Finally, excess mem-
brane can be trimmed. If there is no corneal involvement, the membrane over the 
cornea can be excised. In some cases, running perilimbal nylon suture is used to 
secure the membrane over the cornea. Antibiotic or combination antibiotic-steroid 
ointment can be applied to the eyelid and/or over the ocular surface at the end of 
the procedure.

17.6.2.2  Postoperative Management
Daily ophthalmic examinations are recommended following amniotic membrane 
transplantation. Topical antibiotics, steroid, and cyclosporine drops are used post- 
procedure and combination antibiotic-steroid ointment is applied to the eyelid mar-
gins as described in medical management (Sect. 17.5.3). Daily sterile saline rinses 
aid in removal of mucous and necrotic debris. Within 7–10 days, the membrane 
degrades. Degrading membranes can resemble mucopurulent discharge and careful 

a b

Fig. 17.4 (a, b) Slit lamp picture showing Amniotic membrane transplantation done in acute SJS 
(Image courtesy Prof Namrata Sharma; RP Centre for Ophthalmic Sciences AIIMS New Delhi)
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examination for corneal infiltrate or superinfection must be performed. Sutures and 
bolsters are removed after 10–14 days.

Systemic and skin lesions typically improve first, so patients may be discharged 
from the hospital with membranes and symblepharon rings in place. Frequent out-
patient checks are necessary.

17.6.2.3  Repeat AMT Applications
Persistent severe inflammation after initial AMT can be retreated multiple times 
with repeat AMT using the same surgical technique, with up to three membrane 
applications [18]. Once the initial membrane is degraded and the sutures and bol-
sters are removed 10–14 days after application, the degree of inflammation is then 
reassessed. If there is still significant inflammation, repeat treatment should be done 
immediately.

17.7  Chronic Management

Management of chronic SJS is very challenging. Goals of treatment are to restore 
the ocular surface, optimize tear function, and restore forniceal and eyelid 
anatomy [1].

17.7.1  Ocular Surface

Frequent preservative-free artificial tear supplementation should be used. Autologous 
serum tears help maintain the ocular surface. Mucolytic agents such as 
N-acetylcysteine can control filamentary keratitis. Specialized scleral contact lenses 
can improve vision quality and symptoms, as well as protect the cornea from eyelid 
scarring.

17.7.2  Eyelid and Forniceal Management

Eyelash dysfunction (trichiasis and distichiasis) is treated with epilation, electroly-
sis, cryotherapy, or surgically. Cicactricial lid changes can be repaired surgically, 
typically in conjunction with mucous membrane grafting.

17.8  Conclusions

SJS/TEN is a disease that has the potential for severe, chronic eyelid and conjuncti-
val scarring, debilitating eye pain, and corneal neovascularization. Chronic sequelae 
are very difficult to manage and can lead to significant vision loss. The key to pre-
vention of chronic sequelae is early recognition of severe cases and intervention 
within the first week of illness. Ophthalmologists must be actively and immediately 
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involved in the acute management of SJS/TEN patients, as treatment of chronic 
surface ocular damage becomes progressively more difficult. Though medical man-
agement and Prokera may be sufficient for SJS/TEN patients with mild inflamma-
tion limited to the perilimbal bulbar conjunctiva, Prokera alone is not sufficient for 
cases of severe, eyelid and tarsal conjunctival sloughing. Amniotic membrane trans-
plantation covering the eyelid margins and palpebral conjunctiva must be per-
formed, with symblepharon rings and deep forniceal sutures over bolsters used to 
maintain the fornices. The persistence of significant inflammation after AMT justi-
fies multiple membrane applications. Early intervention has been shown to preserve 
vision and improve long-term symptoms.

Key Points
• Ophthalmologists must be actively and immediately involved in the acute man-

agement of SJS/TEN patients.
• The key to prevention of chronic sequelae is early recognition of severe cases 

and intervention with amniotic membrane transplantation covering the eyelid 
margins and conjunctiva within the first week of onset.

• A sense of urgency is necessary in the treatment of this disease.
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18.1  Introduction

Ophthalmic surgeries have become increasingly safe over the decades with advanc-
ing technology, evolving surgical techniques, and advances in surgical training. 
Cornea-related complications may be observed in association with any intraocular 
surgery, including phacoemulsification, glaucoma surgeries, strabismus surgeries, 
lid and oculoplasty surgeries, and vitreoretinal surgeries. Majority of the corneal 
complications are minor and self-resolving in nature, including superficial abra-
sions and epithelial defects. Corneal emergencies after other intraocular surgeries 
are rare; however, timely diagnosis and management is imperative to prevent irre-
versible sequelae including corneal decompensation and scarring. We herein 
describe the corneal emergencies that may be observed after other intraocular sur-
geries, associated risk factors, their diagnosis, management, and preventive 
measures.

18.2  Corneal Emergencies in Cataract Surgery

Cataract surgery is one of the most commonly performed ophthalmic surgeries. 
Minor complications such as postoperative corneal edema, corneal abrasions, and 
epithelial defects are commonly observed especially with inexperienced surgeons. 
Rarely, corneal emergencies that require urgent management may occur, including 
acute corneal clouding, Descemet membrane detachment, toxic anterior segment 
syndrome with corneal endothelial toxicity, and clear corneal incision-related com-
plications. It is imperative to recognize these complications and institute 
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appropriate treatment at the earliest to prevent sight-threatening visual and anatomi-
cal sequelae.

18.2.1  Descemet Membrane Tears and Detachment

Descemet membrane detachment (DMD) and tears may occur after any intraocular 
surgery but are most commonly associated with phacoemulsification (Fig. 18.1a). 
Incision-site DMD has been reported in 25–82% of cases undergoing phacoemulsi-
fication [1–3].

18.2.1.1  Predisposing Factors
Various instrument-related factors, surgeon factors, ocular and systemic co- morbidities 
predispose to the formation of wound-site DMD [4, 5]. Use of blunt keratomes to 
make the corneal incisions results in a ragged morphology of the incision and predis-
poses to DMD.  Excessive surgical manipulations, prolonged phacoemulsification 
time, increased ultrasound energy, repeated entry into the anterior chamber with 
instruments or phacoemulsification probe, and surgeon inexperience increase the like-
lihood of developing DMD. Ocular pathologies including Fuchs’ endothelial dystro-
phy, corneal scars, corneal injuries, and healed keratitis can lead to the formation of 
DMD during an otherwise uneventful cataract surgery. Old age and deep-set eyes with 
narrow palpebral fissures are risk factors for development of wound-site DMD.

a

b

Fig. 18.1 Descemet 
Membrane Detachment 
(DMD) observed after 
phacoemulsification. (a) 
Slit-lamp examination 
showing Descemet 
membrane detachment 
involving the visual axis. 
(b) Anterior segment OCT 
can be used to assess the 
height and extent of DMD
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18.2.1.2  Diagnosis
Intraoperatively, DMD may be directly visualized under the operating microscope. 
Intraoperative optical coherence tomography (iOCT) helps in the diagnosis and 
management of on-table DMD by providing a real-time visualization of the corneal 
ultrastructure even in the presence of overlying stromal edema.

Postoperatively, slit-lamp biomicroscopy can help visualize the detached 
Descemet membrane. Anterior segment optical coherence tomography (ASOCT) is 
a useful adjunct to monitor the location and extent of DMD and the effect of treat-
ment (Fig. 18.1b). Ultrasound biomicroscopy (UBM) helps in the visualization of 
DMD in hazy corneas and guides surgical management; however, it is technician- 
dependent and time consuming as compared with ASOCT.

18.2.1.3  Management
Various classification systems have been proposed to differentiate different types of 
DMD and help in decision-making regarding management [5]. Mackool et al. clas-
sified DMD as planar or non-planar, based on the height of separation of the DM 
from stroma [6]. Kumar et al. developed the HELP algorithm for classification and 
management of DMD based on ASOCT, wherein DMD was classified based on the 
height, extend, chord length, and relation to pupil [7].

The management of DMD may be conservative or surgical based on the morpho-
logical characteristics of DMD and involvement of the visual axis (Fig.  18.2). 

Management of Descemet Membrane Detachment

On-table
Intraoperative OCT

Postoperative
Slit-lamp/ ASOCT

Classification of DMD
Based on Size, Location and Extent of DMD

Conservative
Management
Serial ASOCT

Descemetopexy (Air/
Isoexpansile gas)
Interface Drainage

Relaxing Descemetotomy
Suture Fixation

Mechanical Tamponade
Keratoplasty

Diagnosis

Management

Small, peripheral, not
vision threatening

Large, central, vision-
threatening Recalcitrant DMD

Fig. 18.2 Management algorithm for Descemet membrane detachment
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Conservative management is advocated for small peripheral DMD localized to the 
incision-site, with <1 mm separation of the DM from the stroma. Descemetopexy is the 
gold standard for management of large DMDs involving the visual axis or cases not 
responding to conservative management [5]. Descemetopexy refers to the intracameral 
injection of air or isoexpansile gases (SF6 or C3F8) to tamponade the detached DM 
and promote its re-attachment. Gas or air is injected via a cannula through an anterior 
chamber paracentesis incision or directly using a 26/30 G needle while ensuring that 
the site of entry is located opposite to the area of DMD. A single continuous bubble is 
injected intracamerally after decompressing the anterior chamber by releasing some 
aqueous. The aim of descemtopexy is to fill at least 2/3rds of the AC with the gas or air 
bubble, approximately 8 mm in diameter and providing adequate tamponade to the 
involved area with DMD. Postoperatively, a supine position is advocated to facilitate 
the appropriate positioning and tamponade effect of the air/gas bubble [5]. Interface 
drainage of fluid may be required in large DMDs. A relaxing descemetotomy may be 
performed in taut DMDs to release the traction. In cases with bullous DMD refractory 
to pneumatic descemetopexy, performing an adjunctive relaxing descemetotomy can 
promote DM re-attachment by facilitating the drainage of the supra-descemetic fluid. 
A keratome may be used to incise the Descemet membrane while performing a desce-
metotomy. Rarely, persistent cases may require mechanical tamponade using OVDs or 
suture-fixation of DM. Suture fixation of DMD is performed by passing a full-thick-
ness transcorneal 10-0 nylon suture which hitches the Descemet to the cornea [5]. 
Patients undergoing mechanical tamponade with OVDs are at a risk for postoperative 
intraocular pressure (IOP) spikes and should be prescribed prophylactic anti-glaucoma 
medications. Endothelial keratoplasty is reserved for cases of recalcitrant DMD with 
significant endothelial cell loss, whereas a full-thickness keratoplasty may be required 
in cases of long-standing DMD with stromal scarring.

18.2.1.4  Prevention
DMD may be prevented by using sharp non-reusable surgical keratomes and proper 
incision construction. Femtosecond laser assisted cataract surgery (FLACS) is asso-
ciated with superior wound construction and decreased incision-site DMD as com-
pared with conventional phacoemulsification. Increasing surgeon experience and 
skills helps to minimize the incidence of postoperative DMD.

18.2.2  Acute Corneal Clouding

Acute corneal clouding during phacoemulsification precludes intraoperative visual-
ization and requires urgent management in order to allow the surgery to progress 
and prevent complications.

18.2.2.1  Predisposing Factors
Intracameral injection of the wrong concentration of drug, contaminated or wrong 
solution may result in acute toxicity to the corneal endothelium with immediate 
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clouding. Acute clouding of the cornea has been reported after injection of an inap-
propriate mixture of Miochol as well as after accidental substitution of BSS by 
distilled water. Inadvertent intrastromal injection of trypan blue dye can lead to 
corneal staining and clouding [8].

18.2.2.2  Diagnosis
Acute clouding or staining of the cornea may be visualized directly under the oper-
ating microscope with an impairment of visualization of the anterior segment struc-
tures. Anterior segment optical coherence tomography (ASOCT) can help to 
monitor the corneal thickness and rule out any Descemet membrane detachment 
postoperatively [9].

18.2.2.3  Management
Immediate intracameral lavage with BSS is indicated in cases of acute corneal 
clouding due to the instillation of wrong solutions or drugs. Surgery should be aban-
doned in cases with persistent clouding and impaired visualization. Inadvertent try-
pan blue staining of the corneal stroma may spontaneously resolve over time with 
conservative management alone [8, 9].

18.2.2.4  Prevention
Proper labeling of all intraocular medications and solutions and good communica-
tion between the members of the surgical team can help minimize wrong intracam-
eral injections. Good depth perception, surgical training, and use of sharp keratomes 
to make corneal incisions can help prevent inadvertent intrastromal injections of 
dye or BSS [8, 9].

18.2.3  Corneal Endothelial Toxicity and Toxic Anterior 
Segment Syndrome

Toxic anterior segment syndrome (TASS) refers to acute-onset postoperative sterile 
anterior segment inflammation that often results in corneal endothelial toxicity and 
decompensation. It is a rare complication with an incidence of 0.22% reported in 
large case series and is most commonly observed after phacoemulsification 
(Fig. 18.3) [10].

18.2.3.1  Predisposing Factors
TASS results from a toxic insult to the anterior segment structures and may be asso-
ciated with inappropriate pH, osmolality, concentration and chemical composition 
of intraocular solutions, preservatives, intraocular medications, intraocular lenses, 
and ophthalmic viscosurgical devices (OVDs) [11]. Improper cleaning of ophthal-
mic instruments is most commonly implicated in TASS, which may lead to the 
introduction of bacterial endotoxins, detergents, denatured OVDs, and other impuri-
ties into the eye [10–12].
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18.2.3.2  Diagnosis
The diagnosis of TASS is established clinically based on the classical presentation 
of limbus to limbus corneal edema with severe anterior segment inflammation, pre-
senting within 12–48 h of an uneventful cataract surgery. Severe fibrinous reaction 
may be observed in the anterior chamber with extensive pigment dispersion [11]. A 
hypopyon may be seen in severe cases.

Infectious endophthalmitis is the most important differential diagnosis and 
should be ruled out before starting treatment. In contrast to TASS, endophthalmitis 
usually presents 2–7 days after surgery, often associated with pain, significant vitri-
tis is present and culture of vitreous may be positive. TASS has a more acute presen-
tation with absence of vitritis and is always culture negative.

18.2.3.3  Management
TASS is a corneal emergency as a delay in diagnosis and timely institution of appro-
priate management may result in irreversible endothelial toxicity, corneal decom-
pensation, and stromal scarring. Topical steroids are the mainstay of management 
and frequent round the clock instillation is recommended in the initial period. A 
potent steroid such as 1% prednisolone acetate or dexamethasone 0.1% may be 
used. The steroids are gradually tapered once the inflammation subsides. Fluctuations 
in IOP may occur and anti-glaucoma therapy is required to manage IOP spikes.

Endothelial or full-thickness keratoplasty may be required in cases with signifi-
cant endothelial cell loss and corneal decompensation.

18.2.3.4  Prevention
Preservative free medications and intraocular irrigating solutions should be used. 
Training of the surgical staff and promoting awareness can help to prevent out-
breaks of TASS.  The most important preventive measure is proper cleaning and 
sterilization of the surgical instruments. Various guidelines have been formulated 
for instrument cleaning and sterilization by international ophthalmological societies 
which may be followed to minimize the incidence of intraocular contamination and 
TASS [13].

Fig. 18.3 Post-surgical 
toxic anterior segment 
syndrome (TASS) with 
limbus to limbus 
microcystic edema, 
Descemet membrane folds, 
iris pigments on 
endothelium, and iris 
chafing
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18.2.4  Clear-Corneal Incision Related Complications

Clear corneal incisions made during phacoemulsification may be associated with 
various complications that require emergent management to maintain the integrity 
of the wound and intraocular stability. Wound burns with contraction of the incision 
may be observed, making it difficult to adequately seal the incision at the end of 
surgery. Pre-existing corneal scars or radial keratotomy incisions may dehisce dur-
ing phacoemulsification. In addition, clear-corneal incision-related infections have 
been reported [14, 15].

18.2.4.1  Predisposing Factors
Wound burn and incision contracture are observed due to thermal damage of the 
cornea and shrinkage of collagen fibers, which results from use of excessive ultra-
sound energy, prolonged phacoemulsification times, inadequate flow of fluid 
through the sleeve, tight incisions and kinking of the sleeve [16].

Improper incision construction and excessive intraocular manipulations leading 
to wound distortion can complicate effective wound-sealing after phacoemulsifica-
tion. Multiple deep RK incisions are prone to rupture or dehiscence during 
phacoemulsification.

Incision-related infections are rare after cataract surgery, and predisposing fac-
tors include ocular co-morbidities such as an obstructed nasolacrimal duct, systemic 
co-morbidities including diabetes mellitus and immunosuppression, environmental 
contamination by fungal spores, and iatrogenic factors including inadequate instru-
ment sterilization [15].

18.2.4.2  Diagnosis
Wound burn with incision contracture is diagnosed by the presence of a white coag-
ulated wound with fish-mouthing, wound leak, and an unstable anterior chamber.

Dehiscence or rupture of RK incisions can be directly visualized under the oper-
ating microscope with irrigating fluids and/or aqueous leaking from the involved site.

Leaky wound can be diagnosed by the inability to form the anterior chamber 
after hydrating the wound. Aqueous may be seen leaking from the clear corneal 
incision, and a fluorescein stain may be applied on the surface of the wound to con-
firm the diagnosis.

Corneal infiltrates at the wound-site with anterior chamber reaction is observed 
in incision-related infections. Corneal scraping is performed to obtain infective 
material for definitive microbiological diagnosis.

18.2.4.3  Management
Wound burns, leaky wounds, and ruptured RK incisions need to be sutured to restore 
the anatomical integrity of the eye. Multiple interrupted 10-0 MFN sutures are 
required in cases with incision contracture due to wound burns. Use of tissue adhe-
sives to seal the wound and bandage contact lens in the postoperative period are 
useful adjuncts in difficult cases. Ruptured RK incision should be repaired by plac-
ing 10-0 MFN interrupted sutures oriented perpendicular to the RK incision before 
proceeding with the cataract surgery.
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Wound-site infection should be managed along the lines of infective keratitis 
with intensive broad-spectrum fortified topical antibiotics and cycloplegics. The 
antibiotic therapy should be tailored to the specific micro-organism based on the 
culture and sensitivity reports.

18.2.4.4  Prevention
Proper incision construction with sharp keratomes and avoiding instrument-incision 
mismatch helps prevent wound-related complications and wound leak. Adequate 
flow of irrigating solutions via the phacoemulsification sleeves to cool the ultra-
sound probe helps minimize heat build-up and protects against thermal burns.

Ocular and systemic co-morbidities must be adequately managed in the preop-
erative period to prevent wound-site infections. Proper incision construction and 
well-sealed wounds help to prevent ingress of contaminated material in the postop-
erative period and protect against localized infection. Instrument sterilization proto-
cols must be adhered to strictly. A clear corneal incision should be avoided in 
challenging cases such as cataract with prior RK, iridofundal colobomas, and limbal 
stem cell deficiency and a posterior limbal or scleral incision may be preferred in 
these cases.

18.3  Corneal Emergencies in Glaucoma Surgeries

All glaucoma surgeries including canaloplasty, trabeculectomy, and glaucoma 
drainage devices may adversely affect the cornea. Corneal complications after glau-
coma surgeries range from mild epithelial abrasions and transient postoperative 
edema to sight-threatening complications including corneal-tube touch, endothelial 
decompensation, and Descemet membrane detachment. Glaucoma drainage devices 
are associated with the highest incidence of post-surgical corneal complications. An 
urgent management is often required to prevent permanent visual loss and restore 
anatomical integrity.

18.3.1  Descemet Membrane Detachment

DMD is a relatively rare but sight-threatening complication that may be observed 
after various glaucoma surgeries, including canaloplasty, trabeculectomy, and 
implantation of glaucoma drainage devices [17–21]. It is more commonly reported 
after canaloplasty as compared with trabeculectomy. A meta-analysis of 28 stud-
ies reported DMD in 3.1% cases undergoing canaloplasty, with no report of DMD 
in cases undergoing trabeculectomy [18]. Jaramillo et al. observed DMD in7.4% 
of cases after canaloplasty; of these, 58% were hemorrhagic DMDs, majority 
were located in inferior quadrant and 83% were <3 mm in size sparing the visual 
axis [17].
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18.3.1.1  Predisposing Factors
Predisposing factors for the development of DMD after glaucoma surgeries include 
anatomical factors such as a shallow anterior chamber or weak adhesions between 
the DM and stroma due to genetic predisposition. Iatrogenic factors for DMD 
include the use of blunt microkeratomes, shelved incisions, inadvertent intrastromal 
injection of saline or OVDs leading to a separation of the DM from the stroma or 
accidental insertion of surgical instruments in the potential space between the 
stroma and the DM [6, 21].

During canaloplasty, excessive OVD injection may gain access to the pre- 
descemetic space due to a weakness in the canal wall in the inferior quadrant, lead-
ing to characteristic inferior DMDs [17]. Intracorneal hemorrhage during 
visco-dilation of the Schlemm’s canal may lead to the development of hemorrhagic 
DMD [17].

18.3.1.2  Diagnosis
It may be difficult to establish a timely diagnosis of DMD as corneal edema is fre-
quently observed in the postoperative period after glaucoma surgeries, and there is 
a low index of suspicion.

Anterior segment optical coherence tomography (ASOCT) is an excellent non- 
invasive investigative modality that can help to establish the diagnosis of DMD after 
glaucoma surgeries even in the presence of significant corneal edema. Confocal 
microscopy is a useful adjunct to assess the corneal ultrastructural changes due to 
DMD and loss of endothelial cells [21]. Ultrasound biomicroscopy (UBM) may 
also be used to establish the diagnosis of DMD [21].

18.3.1.3  Management
Timely diagnosis and management of DMD is an emergency as untreated or mis-
managed cases may progress to corneal scarring, endothelial decompensation, and 
loss of vision. The management is based on the size, location, and extent of 
DMD. Small planar DMDs of <3 mm size located peripherally may be managed 
conservatively by observation alone. Surgical management including descemeto-
pexy or suture-fixation is often required for large DMDs in the visual axis.

The management of DMD after glaucoma surgeries is challenging as achieving 
adequate tamponade of the Descemet’s membrane may be difficult in the presence 
of a filtering bleb or tube. Multiple injections of air, gas, and OVD may be required 
for successful re-attachment of DMD post-trabeculectomy [21]. Drainage of inter-
face fluid along with suture-fixation of the DM and viscoelastic tamponade has been 
reported [22]. Co-existent choroidal effusion and shallow AC may require transcon-
junctival suturing of the scleral flap to close the functional bleb in conjunction with 
choroidal tap and DM tamponade with 20% SF6 [20].

Long-standing DMD may induce significant corneal scarring and keratoplasty 
may be required for visual rehabilitation. Endothelial or penetrating keratoplasty is 
also required in cases with corneal decompensation following DMD.
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18.3.1.4  Prevention
Post-surgical DMD may be minimized by avoiding the use of blunt surgical instru-
ments and performing careful surgical manipulations. Excessive and forceful OVD 
injection during visco-dilation may be avoided.

18.3.2  Tube Migration with Tube-Corneal Touch

Glaucoma drainage devices typically consist of one or more plates to anchor the 
device to the globe, and a tube inserted in the anterior chamber to provide a conduit 
for aqueous outflow. The tube may migrate into the AC due to the anterior move-
ment of the anchoring plate and has been reported in 35% cases, with up to 20% 
cases with an Ahmed glaucoma device developing a tube-corneal touch [23–26].

18.3.2.1  Predisposing Factors
Large buphthalmic eyes are predisposed to develop tube migration with tube- 
corneal touch [25]. Continued elongation of the globe in pediatric eyes combined 
with a low scleral rigidity lead to a relative anterior migration of the anchoring plate 
with increased likelihood of tube-corneal touch. Anterior migration of tube may 
also result from vigorous eye-rubbing.

18.3.2.2  Diagnosis
Diagnosis of tube migration and tube-corneal touch is usually established on a care-
ful clinical examination using slit-lamp biomicroscopy (Fig. 18.4). Localized cor-
neal decompensation may be present in cases of tube-corneal touch, and an ASOCT 
or UBM can help to visualize the lumen of the tube and establish its relation to the 
corneal endothelium in these cases.

Fig. 18.4 Anterior 
migration of glaucoma 
drainage device with 
tube-corneal touch and 
endothelial 
decompensation
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18.3.2.3  Management
Management of a tube-corneal touch is an emergency as it results in progressive 
endothelial cell loss and corneal decompensation. Surgical trimming of the tube is 
required in cases with a tube-corneal touch, and the plate may need to be anchored 
more posteriorly. Pars plana implantation of the tube into the vitreous cavity may be 
considered in cases with difficult anterior segment anatomy and persistent tube- 
corneal touch.

18.3.2.4  Prevention
The plate should be anchored securely to the sclera using sutures. The anchoring 
plate along with the external part of tube should be adequately covered by a patch 
graft if required. A long scleral tunnel should be made to insert the tube into the 
anterior chamber in a fashion that the tube is parallel to the iris plane. The tube 
should be positioned as posteriorly as possible in the anterior chamber to prevent an 
inadvertent tube-corneal touch [27]. Patients should be taught to avoid eye-rubbing. 
Postoperative regular follow-up is essential to monitor the position of the tube in the 
anterior chamber and detect any anterior migration of the tube at its earliest.

18.3.3  Blebitis and Keratitis

Bleb-related infections may be limited to the filtering bleb (blebitis), associated 
with adjacent keratitis or progress to fulminant bleb-related endophthalmitis [28]. 
They may occur after glaucoma-filtration surgeries including trabeculectomy and 
combined trabeculectomy + trabeculectomy with the formation of a bleb. Children 
are more frequently affected with an incidence ranging from 0% to 17% [29, 30].

18.3.3.1  Pathogens
The pathogenic micro-organisms associated with bleb-related infections are more 
virulent and include Streptococcus species, Staphylococcus, Haemophilus influen-
zae, and Pseudomonas aeruginosa [31].

18.3.3.2  Predisposing Factors
Bleb morphology is most commonly implicated in bleb-related infections, with 
avascular, thin-walled cystic blebs predisposing to an increased risk of developing 
blebitis and endophthalmitis. Excessive use of antimetabolites including mitomycin 
C (MMC) and 5-Fluorouracil (5-FU) is associated with thin avascular blebs postop-
eratively with an increased risk of developing bleb-related infections [32–34]. 
Chronic bleb leak, inferior location of filtering bleb after trabeculectomy, use of 
releasable sutures, ocular surface disorders, use of contact lens, and bacterial con-
junctivitis also predispose to the development of bleb-related infections [32, 33]. 
Systemic co-morbidities such as diabetes mellitus and immunosuppression also 
increase the risk of infections. Past history of bleb-related infections is associated 
with a 12-fold increased risk of developing endophthalmitis.
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18.3.3.3  Diagnosis
The diagnosis of bleb-related infections is usually established clinically due to the 
presence of classical signs and symptoms. The patient is usually symptomatic and 
presents with foreign body sensation, blurring of vision, redness, photophobia, and 
purulent discharge. Rapid progression of symptoms points towards a more fulmi-
nant course and is suggestive of endophthalmitis, with blebitis having a relatively 
insidious evolution of symptoms over a few days.

Blebitis is indicated by the presence of intense localized conjunctival inflamma-
tion surrounding a white thin cystic avascular bleb, resulting in a characteristic 
“white on red” appearance. Mucopurulent infiltration of the bleb with a purulent 
discharge is present in advanced blebitis and bleb leak may be observed. Adjacent 
keratitis may be observed in cases with corneal involvement. Associated vitritis is 
present in endophthalmitis which may be confirmed by B-scan ultrasonography.

18.3.3.4  Management
Frequent instillation of broad-spectrum topical antimicrobials should be com-
menced at initial presentation, which may be later tailored based on the culture 
reports and sensitivity pattern of the causative micro-organism. Systemic antibiotics 
are recommended in addition to topical medications especially in pediatric cases, 
and intravenous antibiotics may be required in concomitant endophthalmitis.

After resolution of active infection, bleb revision with excision of the bleb and 
advancement of the conjunctiva may be required to correct the underlying cause. 
Any scleral thinning or a full-thickness sclerostomy evident at the time of the revi-
sion should be addressed accordingly. Endophthalmitis, if present, should be ade-
quately managed by a retina specialist with intravitreal injections and/or vitrectomy 
as required.

18.3.3.5  Prevention
Judicious intraoperative use of antimetabolites may help minimize the incidence of 
thin cystic blebs and prevent bleb-related infections. It is advisable to bury all 
releasable sutures and avoid making inferior blebs. Co-existent ocular and systemic 
co-morbidities should be adequately managed in the preoperative period.

18.4  Corneal Emergencies in Strabismus Surgeries

Complications after strabismus surgeries are uncommon, with corneal complica-
tions being extremely rare. Anterior segment ischemia is an extremely rare, sight- 
threatening complication that may be observed after strabismus surgeries. It involves 
the entire anterior segment including the cornea.

18.4.1  Anterior Segment Ischemia

The incidence of anterior segment ischemia is 1  in 13,000 cases [35]. It is most 
commonly associated with strabismus surgeries.
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18.4.1.1  Predisposing Factors
The most significant factor associated with the development of anterior segment 
ischemia is surgery on 3–4 recti muscles in the same sitting compromising the ante-
rior segment circulation. The interruption of anterior ciliary arteries may be accom-
panied by the interruption of deep episcleral collateral vessels, leading to 
hypoperfusion of the anterior segment, tissue hypoxia, and inflammation. Other 
predisposing factors for the development of anterior segment ischemia include 
advanced age, past history of rectus muscle surgery, and a history of vasculopathy 
such as diabetes or hypertension [35, 36].

18.4.1.2  Diagnosis
Diagnosis of mild cases of anterior segment ischemia may be established based on 
iris fluorescein angiography findings of reduced iris perfusion. Severe cases may be 
diagnosed clinically based on a spectrum of findings including changes in pupil 
shape and reactivity, postoperative uveitis, cataract, keratopathy, hypotony, loss of 
vision, and even phthisis bulbi [36].

18.4.1.3  Management
Intensive corticosteroids are the mainstay of management of anterior segment isch-
emia. Mild manifestations may be managed by topical steroids alone, whereas oral 
or intravenous corticosteroids are required for severe disease [36]. In addition, 
cycloplegics are prescribed to prevent synechiae, hypertonic saline to manage cor-
neal edema and anti-glaucoma medications for IOP management, if required.

18.4.1.4  Prevention
The number of rectus muscles operated upon during strabismus surgeries should be 
limited, and three or four muscle surgeries involving the rectus muscles should be 
avoided. Techniques to preserve anterior ciliary arteries may be performed to mini-
mize the risk of anterior segment ischemia [36, 37].

18.5  Corneal Emergencies in Ocular Surface, Lid 
and Orbital Surgeries

Ocular surface, lid and orbital surgeries often result in minor corneal epithelial abra-
sions and defects, which resolve spontaneously with conservative management. 
Rarely, corneal perforation may be observed which is an ocular emergency.

18.5.1  Corneal Perforation

Corneal perforation is an extremely rare complication that has been reported after 
laser blepharoplasty [38]. Excessive corneal thinning with inadvertent full- thickness 
dissection may be observed during lamellar dissection performed in various ocular 
surface surgeries, including pterygium surgeries, dermoid excision, or excision of 
ocular surface squamous neoplasms [39].
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18.5.1.1  Predisposing Factors
Corneal perforation has been reported after laser blepharoplasty due to the elevation 
of cornea superior to the protective corneal shields during laser application [38]. 
The Bell’s phenomenon leads to up-rolling of the eye on closure, which explained 
the exposure of cornea to the laser beam above the protective shields. Excessive use 
of laser power and prolonged exposure can lead to inadvertent perforation.

Excessive use of cautery and antimitotic agents and aggressive lamellar dissec-
tion can lead to inadvertent limbal perforation during pterygium excision, dermoid 
excision, or other ocular surface surgeries.

18.5.1.2  Management
The management of corneal perforations is based on the size of perforation. Tissue 
adhesives with bandage contact lens may be used to manage small perforations. 
Patch graft may be needed for larger perforations.

18.5.1.3  Prevention
Preoperative investigations including ASOCT and UBM can help to assess the 
depth of lesions and corneal thickness and aid in proper surgical planning. 
Intraoperative OCT provides a real-time assessment of the residual stromal bed and 
helps prevent inadvertent perforation. Laser power and corneal protection should be 
checked before application.

18.6  Corneal Emergencies in Vitreoretinal Surgeries

Corneal complications during vitreoretinal surgeries interfere with adequate visual-
ization of the posterior segment and impede the surgical steps. Corneal clouding and 
epithelial damage are frequently observed during vitreoretinal surgeries. An urgent 
management is necessary to restore corneal clarity and successfully complete the 
vitreoretinal procedure. In addition, any corneal wound may dehisce or leak due to 
the intraocular pressure fluctuations that occur during these surgeries and need to be 
managed adequately. Anterior segment ischemia may rarely be observed after 360 
degrees buckling surgeries, and has been described in detail in the earlier section.

18.6.1  Corneal Clouding

Corneal clouding may be observed during pneumatic retinopexy, buckling surgery 
or pars plana vitrectomy and impedes posterior segment visualization.

18.6.1.1  Predisposing Factors
Corneal edema may be observed in combined procedures with phacoemulsification 
and pars plana vitrectomy. Epithelial damage can result from trauma due to the 

M. Kaur et al.



353

irrigating lens/wire vectis, low quality irrigating fluids, or excessive scraping of the 
corneal epithelium during surgery. In addition, frequent IOP fluctuations during 
surgery with high IOP spikes can cause corneal clouding.

18.6.1.2  Diagnosis
Haziness of the cornea can be directly visualized under the operating microscope. 
Epithelial defects may be present.

18.6.1.3  Management
Rolling of the cornea with cotton tips or gently scraping off the epithelium can help 
improve visualization through cloudy corneas.

18.6.1.4  Prevention
Good surgical skills with gentle intraocular manipulations can help minimize 
corneal clouding. Staged phacoemulsification and pars plana vitrectomy proce-
dures may be preferred rather than combined surgery, especially in compli-
cated cases.

18.6.2  Wound Leak

Wound leak or gape of clear corneal incisions can be observed during retinal surger-
ies due to the increased pressure on the cornea. A leaky or gaping wound interferes 
with surgery and needs to be managed immediately.

18.6.2.1  Predisposing Factors
Clear corneal incisions made during combined procedures are more likely to 
dehisce, especially while inserting the pars plana ports. Excessive pressure exerted 
by the wide-angle or irrigating lens can lead to wound dehiscence.

18.6.2.2  Diagnosis
Corneal folds with a flat anterior chamber point towards wound leak and hypotony. 
Aqueous leak can be visualized from the site of dehiscence.

18.6.2.3  Management
Corneal hydration is ineffective in adequately sealing the incision during retinal 
surgeries, and all corneal incisions should be sutured. Multiple sutures may be 
required.

18.6.2.4  Prevention
Suture clear corneal incisions if phacoemulsification has been performed recently. 
Undue pressure on the cornea with the wide-angle lens/irrigating contact lens 
should be avoided.
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18.7  Conclusion

Corneal emergencies may be observed after any intraocular surgery, including 
phacoemulsification, glaucoma surgeries, strabismus surgeries, oculoplasty proce-
dures, and vitreoretinal surgeries. Emergent management of these complications is 
essential for two reasons—firstly, corneal involvement precludes adequate visual-
ization of the intraocular structures and hampers the surgical procedure. Secondly, 
delay in timely diagnosis and management can lead to vision-threatening sequelae 
including corneal scarring, endothelial decompensation, corneal perforation, and 
even phthisis bulbi. It is essential for ophthalmic surgeons to be aware of the poten-
tial corneal complications that may occur during other intraocular surgeries, take 
preventive measures to minimize their incidence and adequately manage the corneal 
emergencies.

Key Points
• Corneal emergencies may be observed after any intraocular surgery, including 

phacoemulsification, glaucoma surgeries, strabismus surgeries, oculoplasty pro-
cedures, and vitreoretinal surgeries.

• Prompt diagnosis and appropriate management is essential to prevent long-term 
sequelae such as corneal decompensation or scarring.

• Descemet membrane detachment is a commonly encountered corneal emergency 
in patients undergoing phacoemulsification.

• Management of DMD is based on the size, location, and extent of DMD. Anterior 
segment optical coherence tomography is a useful adjunct for the timely diagno-
sis of DMD, classification and formulation of management algorithm.

• Post-surgical TASS often shows a dramatic response to steroid therapy and needs 
to be differentiated from endophthalmitis.

• Glaucoma drainage devices are associated with a high risk of corneal complica-
tions including Descemet membrane detachment, progressive endothelial cell 
loss, and endothelial decompensation.

• Managing DMD after glaucoma surgeries is more challenging as the presence of 
a filtering bleb/tube facilitates the escape of air/gas bubble from the anterior 
chamber.

• Corneal complications after strabismus, oculoplasty, and vitreoretinal surgeries 
are relatively uncommon and include anterior segment ischemia, accidental cor-
neal perforation, corneal clouding, and wound leak.
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19.1  Introduction

Keratomalacia constitutes an important corneal emergency in vitamin A deficiency 
disease, which requires prompt intervention to salvage visual and structural integ-
rity. It is an important cause of preventable corneal blindness with a reported inci-
dence varying between 8% and 27.3% [1, 2]. Retinol is essential for the production 
of visual pigment Rhodopsin by the rod photoreceptors [3]. Mild cases of xeroph-
thalmia present with nyctalopia or night blindness as opposed to those with advanced 
disease who present with severe grades of ocular surface xerosis and corneal melt-
ing. Timely institution of vitamin A therapy in the early stages of the disease leads 
to rapid response usually within 2 days of initiating treatment [4]. Therefore, early 
detection and adequate management is critical in preventing progression of disease.

19.2  Clinical Features

The earliest symptom of vitamin A deficiency is impaired dark adaptation. It is 
characterised by diminished adjustment to vision in the dim light conditions or 
darker ambience. Impaired dark adaptation is the result of dysfunctional rods and is 
closely correlated with the serum retinol concentrations. A serum retinol concentra-
tion of <1.0 μmol/L is observed to be associated with the initiation of impaired dark 
adaptation, while its level below 0.35  μmol/L is associated with manifest 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-5876-1_19&domain=pdf
https://doi.org/10.1007/978-981-16-5876-1_19#DOI
mailto:head.ophtho@aiimsbhopal.edu.in


358

xerophthalmia [5, 6]. Night blindness usually has a very good response to early 
institution of vitamin A therapy. Prompt and adequate treatment of xerophthalmia 
may restore almost complete preservation of eyesight and halts further progression 
of the diseases to advanced stages [4, 7]. Most referred staging system of xeroph-
thalmia as formulated by WHO [4] is described in Table 19.1.

19.2.1  Conjunctival Xerosis (X1A) and Bitot’s Spots (X1B)

19.2.1.1  Conjunctival Xerosis
Conjunctival xerosis is a result of squamous metaplasia (columnar to stratified squa-
mous epithelium) of the conjunctival epithelium along with decrease in the number 
of goblet cells, and the consequent keratinisation of ocular surface.

Clinical features: On slit lamp examination conjunctiva shows one or more 
patches of dry non-wettable conjunctiva. The typical appearance which is described 
as ‘emerging like sand banks at receding tide’ when the child ceases to cry is usually 
seen in the temporal interpalpebral areas of the conjunctiva [4]. As the disease pro-
gresses a complete involvement of the bulbar conjunctiva may be seen with variable 
degree of conjunctival wrinkling, thickening, and pigmentation.

19.2.1.2  Bitot’s Spot
Bitot’s spot is an extension of the same xerotic process as in X1A and represents 
persistent areas of squamous metaplasia.

Clinical Features
Triangular foamy white patches at 3/9 o’clock position of bulbar conjunctiva, more 
frequently over temporal side (Fig. 19.1). Clinically there are no definitive clinical 
features to differentiate between active and the inactive lesions. However, active 
lesions do respond to vitamin A therapy and this is the only way one can differenti-
ate between both.

Table 19.1 World Health Organization (WHO) classification of the clinical signs of xerophthalmiaa

Classification Signs
XN Night blindness
X1A Conjunctival xerosis
X1B Bitot’s spot
X2 Corneal xerosis
X3A Corneal ulceration—keratomalacia involving one-third or less of the 

cornea
X3B Corneal ulceration—keratomalacia involving equals to or more than 

one-third of the cornea
XS Corneal scars
XF Xerophthalmic fundus

aReprinted with permission. Adapted from Control of vitamin A deficiency and xerophthalmia. 
Report of a joint WHO/USAID/UNICEF/HKI/IVACG meeting (WHO Technical Report Series, 
No. 672), Geneva, 1982, World Health Organization
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Response to Therapy
After the initiation of vitamin A therapy, active conjunctival xerosis begin to resolve 
within a duration of 2–5 days. With continued vitamin A therapy majority of the 
signs show complete resolution within a period of 2 weeks. However, a significant 
proportion of temporal lesions particularly Bitot’s spots may persist in shrunken 
form even after receiving adequate treatment [4, 7].

19.2.2  Corneal Xerosis (X2)

Corneal manifestations begin early in the course of vitamin A deficiency. The earli-
est change begins usually in the lower nasal quadrant in the form of punctate kera-
topathy, which can be easily appreciated on slit lamp examination in a 
fluorescein-stained eye [8]. Corneal xerosis too begins in the inferior sector along 
with punctate keratopathy and accompanying stromal edema.

Clinical Features
Corneal xerosis presents with a typical dry, lustreless appearance of cornea along 
with superficial punctuate erosions which later progress to involve the whole cornea. 
In advanced stages, the corneal surface attains epithelial keratinisation (Fig. 19.2).

Response to Therapy
With the start of vitamin A therapy, the corneal plaques start to peel off, at times 
leaving a superficial corneal erosion that heals quickly. Treatment to response time 
usually varies from 2 to 5 days and most of the xerotic changes completely disap-
pear within 1–2 weeks [4, 7].

19.2.3  Corneal Ulceration/Keratomalacia (X3A, X3B)

Keratomalacia, also known as corneal ulceration, is a condition in which a part or 
all of the corneal stroma shows melting resulting in permanent structural changes. 

Fig. 19.1 Slit lamp 
picture showing 
leucomatous corneal 
opacity with surface 
degeneration involving 
inferior one-third of 
cornea, extending up to 
centre, status post 
keratomalacia. Also seen is 
the presence of Bitot’s spot 
at 9 o’clock position
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It involves liquefactive necrosis of corneal layers which result in formation of 
corneal ulcers involving deep stroma leading to corneal melts; categorised as 
X3A—keratomalacia involving less than one-third of the corneal surface 
(Fig. 19.3) and X3B—keratomalacia involving more than one-third of the corneal 
surface.

Response to Therapy
Role of early vitamin A therapy in treatment of keratomalacia remains limited and 
varies as per stage. Stage X3A generally spares the pupillary zone, and timely vita-
min A therapy usually preserves the functional vision. While a more advanced stage 
with extensive involvement as seen with stage X3B, especially generalised liquefac-
tive necrosis, remains unresponsive to vitamin A therapy. The further course in such 
scenario usually results in corneal perforation, extrusion of intraocular contents, and 
loss of the ocular integrity. However, emergency management and prompt therapy 

Fig. 19.2 Slit lamp image 
of keratomalacia stage 
X3A, showing liquefactive 
necrosis of inferior 
one-third of the cornea

Fig. 19.3 Slit lamp 
photograph showing 
vascularised leucomatous 
corneal opacity with partial 
anterior staphyloma status 
post keratomalacia. Also 
note the wrinkling of 
inferior bulbar conjunctiva
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may still be able to preserve ocular integrity in preparation for future surgical 
procedures.

19.2.4  Corneal Scars (XS)

Opacities or scars of different density (nebula, macula, leukoma) and weakening 
and outpouching of the remaining corneal layers in the form of staphyloma are 
healed sequelae of past corneal disease associated with vitamin A deficiency 
(Fig. 19.4).

19.3  Keratomalacia

19.3.1  Pathogenesis

Keratomalacia is a condition marked by specific ocular abnormalities caused by 
severe vitamin A deficiency, the severity of which is inversely proportional to age. 
Vitamin A is an integral part of corneal metabolism owing to specific retinol- binding 
phenomenon seen in the cells of epithelium, keratocytes, and endothelium [9]. 
Without adequate treatment, increased softening of all or a part of the cornea (kera-
tomalacia) may lead to sight threatening complications and/or sequelae:

• Corneal ulceration,
• Chronic perforation,
• Degenerative tissue changes, e.g., ectasia, staphyloma, and phthisis bulbi 

(Fig. 19.4).

Fig. 19.4 Anterior 
staphyloma status post 
vitamin A deficiency 
induced keratomalacia
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19.3.2  Associated Corneal Emergencies

19.3.2.1  Corneal Ulceration
Keratomalacia is associated with stromal defects that can take several forms from 
small to large ulcers. Ulcers are classically round or oval ‘punched-out’ defects, as 
if a trephine or cork-borer had been applied to the eye [4]. The surrounding cornea 
is usually xerotic, but transparent, and does not have the grey, infiltrated appearance 
of bacterial ulcers. Small ulcers (1–3 mm) are circular in shape with well-marked 
boundaries and are almost always restricted to the periphery, particularly the infe-
rior and nasal sides. Ulcers can range in depth from shallow to deep. Large ulcers 
and necrotic zones have a centripetal extension and might affect the entire cornea. 
In most cases, surface ulcers heal with little scarring, whereas deeper lesions, par-
ticularly perforations result in adherent leukomas.

19.3.2.2  Corneal Perforation
Localised keratomalacia may progress rapidly and affect the entire thickness of the 
cornea. It first shows as a mound or outpouching of the corneal surface that is 
opaque and grey to yellow. The necrotic stroma sloughs off in advanced cases, 
forming a large sized ulcer or descemetocele that eventually perforates. Subsequently, 
iris plugs the perforation with ensuing healing.

19.3.2.3  Secondary Keratitis
Corneal lesions can acquire superimposed secondary microbial infections. In such 
cases it becomes difficult to differentiate ulceration/necrosis caused by vitamin A 
deficiency from those caused by microbial infections. Secondary infection can 
occur because of inflamed conjunctiva and consequent decreased ocular surface 
barrier function. The generalised depressed immune status of the vitamin deficient 
child further increases the chance of secondary corneal infections. A thorough slit 
lamp examination is required to elicit features of secondary keratitis.

19.3.2.4  Phthisis Bulbi
Chronically inflamed and untreated advanced cases progress to perforation with 
loss of intraocular contents, subsequently to shrinkage of globe and development of 
phthisis bulbi.

19.3.3  Treatment

Treatment of Xerophthalmic manifestations at an early stage is pivotal to stop tran-
sition to advanced stage of the disease and avoidance of severe complications [4]. 
Stage III A with pupil sparing carries a relatively good prognosis with recovery of 
visual function as opposed to more advanced stages. Even if vitamin A deficiency 
has led to the stage of keratomalacia and irreversible loss of sight, it is imperative to 
administer treatment in order to save the other eye and the life of the patient [4, 10]. 
Vitamin A accelerates the development of epithelium, prevents keratinisation of 
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epithelium and provides fatty acids that combines with vitamin A. Treatment proto-
col has been described in Table 19.2 [4].

19.3.3.1  Adjunctive Modalities
Corneal lesions in Xerophthalmia are considered an emergency. In addition to the 
immediate administration of retinol, prevention and treatment of secondary bacte-
rial infections with broad spectrum antibiotic ointment (1% tetracycline eye oint-
ment, every 8  h) with protection of eye with an eye-pad after each application 
especially in stage X3 is required. Topical tear substitutes should be initiated and 
exposure of corneal surface should be avoided.

Every effort should be made to preserve the structural integrity of the eye due to 
active keratomalacia, ulceration, or thinning. The eye must be protected from undue 
pressure examinations, applications of drugs, and dressing changes should be per-
formed with utmost care. Eye should be covered, at all other times, by a plastic 
shield. If necessary, child’s hands can be restrained to avoid undue rubbing.

19.3.3.2  Medical Status and Diet
Children with xerophthalmia, particularly in blinding and advanced stages, are 
often severely ill, malnourished, and dehydrated [7]. General supportive care, rehy-
dration, and frequent feeding (by nasogastric tube if necessary) with easily digest-
ible energy- and protein-rich foods is to be considered. Concurrent illnesses, such as 
respiratory and gastrointestinal infections, tuberculosis, worm infestations, and 
amoebiasis, should be treated with appropriate agents (antibiotics, anti- 
helminthic, etc.).

Table 19.2 Treatment schedule for xerophthalmia or keratomalaciaa

WHO recommendations for Vitamin A dosage

Immediately on diagnosis (Day 1) 110 mg Retinol palmitate, or
66 mg Retinol acetate (200,000 IU) orally, or
55 mg Retinol palmitate (100,000 IU) by 
intramuscular injection

Next day (day 2) 110 mg Retinol palmitate, or
66 mg Retinol acetate (200,000 IU) orally

Prior to discharge/clinical deterioration 
occurs/2–4 weeks later

110 mg Retinol palmitate, or
66 mg Retinol acetate (200,000 IU) orally

For children <1 year old these doses should be halved

Recommended preparations of Vitamin A
Formulation Route Dose
Oil-based solution of retinol palmitate or acetate, as 
capsule or liquid (with or without added Vitamin E)

Oral 110 mg Retinol 
palmitate or
66 mg Retinol acetate 
(200,000 IU)

Water miscible retinol palmitate Intramuscular 55 mg (100,000 IU)
aReprinted with permission. Adopted from: Control of vitamin A deficiency and xerophthalmia 
Report of a joint WHO/UNICEF/USAID/Helen Keller International/IVACG meeting, World 
Health Organization

19 Keratomalacia



364

19.3.3.3  Surgical Management
Small perforated corneal ulcers are plugged by iris tissue and heal with adherent 
leukoma formation. Advanced necrosis of the cornea with or without perforation 
requires surgical intervention in the form of patch grafts and tectonic keratoplasty. 
Keratoplasty in paediatric eyes calls for careful planning and execution owing to the 
small anatomical configuration and decreased ocular rigidity [11]. Emergency tec-
tonic/optical penetrating keratoplasty performed under GA with an oversized graft 
of 0.5–1 mm is the treatment of choice in such cases; procedure can be supple-
mented with pupilloplasty, synechiolysis, anterior segment reconstruction, and cata-
ract extraction when necessary [11]. Amniotic membrane transplantation (AMT) in 
conjunction with oral vitamin A supplementation can be a useful temporary mea-
sure. Large grafts are invariably required because of the total corneal involvement 
by the melting process (Fig. 19.5).

19.4  Prevention

The ultimate aim for preventing corneal emergencies encountered in xerophthal-
mia should be directed towards early detection of vitamin A deficiency along 
with provision of regular, adequate dietary intake of vitamin A to vulnerable 

KERATOMALACIA

Medical Treatment

Localised Corneal Involvement

Pseudocornea and Adherent
leucoma formation Fresh perforation

Perforation with uveal
tissue prolapse

Self-healing with
corneal scar

Extensive Corneal Involvement

• Oral Vitamin A supplementation
• Topical tear substitutes
• Topical antibiotic ointment
• General supportive care

• Self-healing
• Optical iridectomy, if
 required

• Patch graft
• Tectonic keratoplasty

• Tectonic keratoplasty
 ± pupilloplasty,
 synechiolysis, anterior
 segment
 reconstruction

• Small scar - Optical
 iridectomy
• Large scar - Optical PK
 ± pupilloplasty,
 synechiolysis, anterior
 segment reconstruction

• Oral Vitamin A supplementation
• AMT

Surgical TreatmentTemporary Measures

Progression/ Complications
Progression/ Complications

Fig. 19.5 Management options for keratomalacia. AMT: Amniotic membrane transplantation, 
PK: Penetrating keratoplasty
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children especially in endemic regions. Early detection and stage-based interven-
tion is critical to stop progression to sight threatening complications [7] 
(Box 19.1).

In few conditions, routine prophylactic vitamin A supplementation may also 
be required, such as for cases with impaired vitamin A absorption, storage, or 
transport. In developing countries where keratomalacia is a major cause of 
blindness, regular prophylactic vitamin A supplementation is recommended for 
children in appropriate doses as determined by age and other factors [2] 
(Table 19.3).

Box 19.1

TISSUE SPECIFIC SIGNS IN VITAMIN A DEFFICIENCY

Conjunctiva

X1A, X1B
+XN

Cornea
Retina

X2, X3A, X3B
XS

Warning Signs Medical plus
Ophthalmological

Emergency

First
sign

Late
manifestation

XN and XF

 

Table 19.3 WHO recommendation for prophylactic Vitamin A supplementationa

Suggested vitamin A supplementation scheme for infants and children 6–59 months of age

Target group Infants 6–11 months of age (including HIV+) Children 
12–59 months of age 
(including HIV+)

Dose 100,000 IU (30 mg Retinol equivalent) vitamin A 200,000 IU (60 mg 
Retinol Equivalent) 
vitamin A

Frequency Once Every 4–6 months
Route of 
administration

Oral liquid, oil-based preparation of retinyl palmitate or retinyl acetate

Settings Populations where the prevalence of night blindness is 1% or higher in 
children 24–59 months of age or where the prevalence of vitamin A 
deficiency (serum retinol 0.70 μmol/L or lower) is 20% or higher in 
infants and children 6–59 months of age

In settings where vitamin A deficiency is a public health problem [prevalence of night blindness is 
1% or higher in children 24–59 months of age or where the prevalence of vitamin A deficiency 
(serum retinol 0.70 μmol/L or lower) is 20% or higher in infants and children 6–59 months of age], 
high-dose vitamin A supplementation is recommended in infants and children 6–59 months of age
aReprinted with permission. Adapted from: WHO Guideline: Vitamin A supplementation in infants 
and children 6–59 months of age. (https://www.who.int/publications/i/item/9789241501767)
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19.5  Conclusion

Keratomalacia presents as a medical and ophthalmological emergency, usually with 
bilateral presentation, in vitamin A deficiency disease. Despite aggressive and 
timely intervention, keratomalacia remains a bilaterally blinding although a pre-
ventable disorder in young children with poor visual recovery and suboptimal func-
tional results. Prompt diagnosis and appropriate treatment of xerophthalmia with 
vitamin A supplementation can stop the progression from benign stage to a stage of 
emergency.

Key Points
 1. Xerophthalmia is a significant cause of corneal emergency in clinical practice.
 2. To prevent the burden of xerophthalmia, a prompt diagnosis based on the detec-

tion of early signs is pivotal for management.
 3. Prompt treatment of xerophthalmia with vitamin A supplementation can stop the 

progression to advanced stage manifesting as emergency.
 4. Patients with advanced disease benefit with careful selection of surgical 

intervention.
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20.1  Introduction

Ocular emergencies are an important cause of visual morbidity worldwide. Corneal 
emergencies add to a significant subtype of such visual crises. Studying their spec-
trum and presentation is vital for formulating preventive strategies. Corneal trauma, 
ulcers, and surgical procedures are the main entities which are associated with cor-
neal emergencies. Amongst them, traumatic corneal injuries constitute a major seg-
ment. Public awareness and preventive measures are the mainstem of reducing 
corneal blindness secondary to lack of knowledge among the general population 
and inadequately managed corneal emergencies at the primary care level. 
Medicolegal aspects call for special attention as the majority of corneal emergencies 
carry a guarded prognosis and necessitate well-timed appropriate interventions to 
salvage achievable visual and structural integrity. This chapter intends to provide a 
comprehensive knowledge on prevention awareness and medicolegal aspects of cor-
neal emergencies.

20.2  Awareness

Awareness and information regarding corneal emergencies are largely deficient 
amongst the general population, especially in developing countries with lower lit-
eracy rates. Community ophthalmologists and fieldworkers have consistently 
emphasized the need for increasing public awareness regarding the prevention and 
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management of corneal emergencies. Awareness and knowledge are important for 
early consultation and maximization of visual prognosis in the majority of cases, so 
as to preserve the quality of life.

Preventable blindness is that which can be restricted/prevented by awareness at 
the community level and targeting the causative factor at an appropriate time. 
Blindness from corneal opacity is a significant public health burden that accounts 
for about 4.5% of cases of blindness worldwide [1]. Reduction in the prevalence of 
preventable and curable corneal blindness is one of the important objectives of the 
National Program For Control Of Blindness (NPCB) to bring down the overall inci-
dence of blindness [2].

Conscious efforts directed to facilitate awareness supplemented with adequate 
protective measures can lessen the severity or even prevent many blinding corneal 
conditions. Such avoidable corneal emergencies comprise corneal ulcer, trachoma, 
keratomalacia, corneal trauma, i.e., mechanical (penetrating and blunt), chemical 
(acid, alkali, splashes, and fumes), radiational/thermal (ultraviolet, heat, or infrared 
radiation), foreign objects (projectile, dust, concrete, metal, wood, and other parti-
cles), fireworks and occupational/workplace-related injuries. Voon et  al. reported 
that corneal trauma constitutes more than 75% of cases of corneal emergencies [3].

Strategies to control corneal blindness include prevention of eye infection, eye 
injuries, trachoma, and Xerophthalmia. The need for protective eyewear should be 
emphasized for industrial workers and agriculturists. Furthermore, promoting eye 
donation and keratoplasty through mass awareness remains an important goal to 
curb corneal blindness. Information, education, and communication (IEC) plays a 
vital role in achieving awareness among the general population, high-risk individu-
als and school-going children to reduce the burden of preventable corneal blindness 
secondary to corneal emergencies. Specific preventive measures (Fig.  20.1), tar-
geted towards avoidance of sight-threatening corneal emergencies are described as 
follows:

20.2.1  Traumatic Corneal Emergencies

Corneal injuries contribute significantly to the burden of ocular injuries encountered 
in day-to-day practice. Owens et al. reported an annual incidence of more than 2.5 
million eye injuries, out of which 2% of patients suffer permanent visual impair-
ment [4]. They can occur in a wide variety of settings, including household, sports 
as well as work-related events. The probability of a particular type of injury is pre-
dominantly specific for a particular group of individuals, and accordingly, if a 
unique set of precautionary measures are undertaken, the risk of sustaining such 
injuries can be minimized. Corneal injuries are particularly frequent in developing 
countries owing to illiteracy, lack of knowledge about their devastating outcomes 
and hazards of the workplace not appreciated either by employers or employees. 
Approximately 44% of these injuries occur with household activities [5], as opposed 
to nearly 1 lac workplace-related eye injuries every year [6, 7]. Sports-related inju-
ries have been seen to be commoner amongst children aged 5–14 years, and the 
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majority of them involve cornea [5]. The commonest cause of trauma in such cases 
has been reported to be wooden and sharp objects, broken toys and playtime activi-
ties [8]. Chemical injuries in pediatric patients are more commonly encountered in 
the pre-school age group [9], while in adults, it is more commonly correlated with 
occupation. The reported incidence of ocular chemical injuries in developing coun-
tries is approximately 1.25–4.4% [10].

Vajpayee et al. reported chemical injury from bursting of chuna packets as the 
most common mode of chemical injury in pediatric patients, especially in pre- 
school age group with an overall incidence of about 65% [9]. Management of severe 
chuna alkaline injuries typically requires a long period of treatment for restoration 
of visual acuity. Therefore, prevention becomes more significant in the pediatric age 
group, as there is an additional risk of the development of amblyopia. These pouches 
are malleable, and pre-school children view them as toys; when squeezed hard, the 
packet bursts, injuring the eye with calcium hydroxide. Increasing awareness 
towards the danger of chuna injury caused by these easily available and cheap 
pouches, keeping packets beyond the reach of children, ban on the use of these mal-
leable pouches and replacement of packing with sturdy alternative material with a 
written warning on the possibility of eye damage can be done for decreasing their 
incidence. Awareness about first aid with copious irrigation and washing of eyes 
immediately after injury are important measures that can be utilized for the preven-
tion of such injuries. Additionally, farmers, factory workers and persons involved in 
pharmaceutical manufacturing are predisposed for corneal chemical injuries, which 
require emergency management.

Preventive Aspects

Traumatic Corneal
Emergencies

Prevention of
Primary Event

• Education &
 awareness
• Protective
 eye wears
• Legislation/
 Occupation
 al health
 laws

• Education &
 awareness
• Prompt and
 appropriate
 First aid
• Prompt
 referral

• Community awareness of
 risk factors
• Risk of using traditional
 medicine
• Better primary health
 care facility
• Protective eye wears
• Prompt referral where
 necessary

• Education & awareness
• Early treatment of
 primary emergency
• Avoid usage of over the
 counter medicines/
 Self-medication/
 indigenous medications

• Proper
 counselling
• Meticulous pre-
 operative
 evaluation
• Refined
 inclusion criteria
• Meticulous
 surgery

• Standard
 operative
 equipments
• Post-operative
 care protocol
• Education and
 awareness
 regarding
 practicing the
 right habits
• Regular post-
 surgical dry eye
 disease
 evaluation

Prevention of
Primary Event

Prevention of
Primary Event

Prevention of
Complications

Prevention of
Complications

Prevention of
Complications

Keratitis/ Corneal Ulcer Refractive Surgeries Related
Emergencies

Fig. 20.1 Preventive aspects in different corneal emergencies
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Firecracker injuries is one of the commonly seen causes of childhood corneal 
trauma, particularly during religious festivals [11]. In a retrospective study to docu-
ment the profile of ocular firework injuries in children during the festive season of 
Diwali in Southern India, corneal trauma constituted more than 50% of cases [11].

Road traffic accidents constitute a major portion of mechanical corneal injuries 
irrespective of age group. Despite the different causes of corneal injuries, preven-
tion remains the prime focus, and it includes awareness, required use of protective 
eye gears and legislative changes. However, more than 90% of ocular trauma, which 
includes corneal injuries in around 50% of cases, is preventable with the use of 
abovementioned preventive strategies [5–7].

The outcome can be devastating due to primary wound, secondary infection and 
sympathetic ophthalmia. The exacerbation of both injury and infection is often due 
to delay in proper management, delayed referral and inappropriate indigenous med-
ication. Valuable time is hence lost for salvaging the visual and structural integrity. 
Primary care providers must be able to diagnose, initiate first aid and refer to iden-
tifiable corneal emergencies as any delay in treatment can result in permanent loss 
of vision.

20.2.1.1  Preventive Measures
Well planned and executed preventive measures can play a vital role in bringing 
down the incidence of visual impairment caused due to of corneal injuries. Training 
sessions can be used for educating employees on eye injury, their statistics and 
demonstrating the right ways to use eye safety gear. Acute chemical corneal injury 
treated immediately with copious irrigation and removal of trapped debris is associ-
ated with a significantly better visual outcome [9]. Early management aims to pre-
serve the globe integrity, whereas subsequent treatment is targeted at promoting 
ocular surface epithelial recovery, augmenting corneal repair, minimizing ulcer-
ation, and controlling the inflammatory response [9, 12].

20.2.1.2  Information, Education, and Communication (IEC)
IEC is a method to educate and empower people to take decisions and adapt changes 
for positive outcomes. IEC in the prevention of corneal emergencies aims to increase 
awareness and change the pre-adapted practices in a targeted subset of people. A 
detailed knowledge of common modes of corneal trauma and the role of using pro-
tective gears in preventing sight-threatening corneal injuries can be effectively exe-
cuted to educate susceptible groups through IEC.

IEC along with school curriculum can be used to inform and educate children 
about ocular and corneal injuries and their preventive measures. IEC activities can 
also be used to emphasize first aid management for corneal injuries that can 
improve the visual prognosis dramatically. The general population should be made 
aware of immediate referral of ocular trauma cases to eye specialists or tertiary 
care facilities for effective management. Likewise, the prevention of serious visual 
morbidity post chemical injury can also be achieved by raising awareness through 
IEC about the importance of immediate and copious irrigation after corneal expo-
sure to chemicals.
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20.2.1.3  Legislation
Legislative changes are important measures of prevention from corneal injuries, 
especially in underdeveloped countries. It becomes more reasonable in context to 
occupational, and sports-related corneal injuries. Prevention of sports-related cor-
neal trauma involves the mandated use of protective gears in high-risk sports. 
Legislative enforcement in the USA lead to the dramatic decrease in the incidence 
of corneal ocular injuries related to hockey after protective eyewear was mandated 
[13]. Goggles that are closely fitted to the face of a soldier are superior to protective 
spectacles because they prevent the negative pressure associated with a blast from 
communicating with the space around the eye. Regulations and or prohibition 
towards the purchase and use of fireworks, especially for minors, and their restricted 
usage to unsupervised minors can be important in decreasing firework-related cor-
neal trauma.

Preventive measures play the most important role in chemical injury-related 
trauma. Cases of vitreolage can be prevented through strict regulations pertaining to 
the sale and legitimate usage of chemicals in addition to the penalization of acid 
offenders. Legislative endeavors which can be adopted for the prevention of corneal 
injuries have been summarized in Box 20.1.

Key Points in Prevention of Corneal Injuries
• Health education can reduce incidences of corneal trauma by sharp toys and 

wooden objects, agricultural and industrial practices and household injuries.
• The provision of facilities for first aid can help reduce the magnitude of 

corneal trauma.
• Education for ocular protection should be integrated into the school curriculum 

at all levels. Safe playgrounds and parks that do not pose eye hazards should be 
provided in schools and residential areas.

Box 20.1: Legislative Endeavor’s Which Can Be Adopted for Prevention of 
Corneal Injuries
• Enforcement of safety standards with regard to workplace like proper 

illumination for industrial setups.
• Regulations on the sale and use of fireworks to minors.
• Mandatory usage and provision of protective devices in high-risk areas.
• Mandatory provision of first aid measures, in high-risk industries, 

particularly in chemicals-related work.
• Mandatory usage of seatbelts in cars.
• Mandating the distribution and documentation of dangerous chemicals to 

authorized persons.
• Improved primary health care service: primary health care workers should 

plan and execute preventive measures, facilitate the initial management 
and optimize referrals.
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• Mass media services should be utilized to create awareness regarding modes of 
corneal trauma, the need to prevent such accidents and protective measures.

• In addition to health personnel, school teachers and staff, senior grade students 
and social workers can be trained to disseminate information on the prevention 
of ocular injuries.

• Industrial injuries can be prevented by improving the safety features of machines, 
adequate illumination of work areas, ocular examination and visual fitness of 
workers, benchmark visual standards before deployment and usage of protective 
devices.

Preventive strategies in various types of corneal traumatic injuries are summarized 
in Table 20.1.

20.2.2  Infectious Keratitis

Infectious keratitis, as discussed in Chap. 5, has multiple etiologies, which varies 
with geographical areas, climatic conditions and socioeconomic status. Bacterial 
keratitis is more common among people who wear contact lenses in the developed 
world, while in developing countries, it is more commonly caused by occupation- 
related ocular trauma [14]. HSV keratitis is one of the emerging causes of unilateral 
infectious blindness and significantly impacts the quality of life even when patients 
are not experiencing an active infection. Fungal keratitis warrants targeted preven-
tive efforts due to its higher prevalence among the lower socioeconomic and illiter-
ate group. Education about right practices and information about first aid is the best 
preventative measures irrespective of the causative agent. Contact lens-related kera-
titis, being a rapidly emerging cause of recurrent and painful keratitis, needs more 
attention through preventive measures.

20.2.2.1  Preventive Measures
Health education and improvement in personal hygiene can reduce the incidence of 
corneal and other eye infections. Early treatment of corneal infections will prevent 
the conversion of less severe conditions into vision-threatening corneal blindness. 
In underdeveloped countries, eye care facilities are not easily approachable and 
accessible. Over-the-counter self-medication, particularly with topical steroids, 
remains one of the most important predisposing factors of mycotic keratitis, in addi-
tion to the progression of mild keratitis into severe corneal ulcers. Educating masses 
regarding avoidance of use of over-the-counter drugs for their potential conse-
quences and to seek immediate medical assistance in case of acute eye symptoms 
instead of using self-medication, can significantly reduce the burden of infectious 
keratitis-related blindness. Prevention of viral keratitis is achievable by way of hand 
hygiene and spreading awareness to avoid touching the eyes, eyelids, and skin 
around eyes with unclean hands. Farmers and people employed in agriculture- 
related work should be informed about the potential risks of ocular contamination 
with organic matter, particularly livestock related and to avoid them through 
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personal measures. Primary care providers must be able to diagnose, initiate first aid 
and refer to identifiable corneal emergencies as any delay in treatment can result in 
permanent loss of vision.

20.2.2.2  IEC
Disseminating pertinent information to the general public on predispositions and 
pathogenesis of corneal ulcers, particularly to the illiterate and lower socioeco-
nomic strata, is an effective measure for bringing down the incidence. Risk of devel-
oping a corneal ulcer in predispositions like trauma, lid infections, ocular allergies, 
contact lens wear, contact with contaminated water bodies, touching the eyes with 
contaminated fingers, systemic immune-compromised states like diabetes mellitus 
should be informed to masses through mass media. Vision-threatening outcomes of 
self-medication, indigenous medications, topical, and systemic steroids should be 
highlighted. Symptoms pertaining to corneal ulcer in patients with predispositions 
should be informed so that a prompt consultation and treatment by health care pro-
vider can be initiated. Important considerations while designing IEC module for 
prevention of corneal ulcer is described in Box 20.2.

Contact Lens-Related Keratitis
Contact lens wearers have an increased risk of corneal ulcers, especially when using 
extended-wear soft contact lenses. Failing to keep contact lenses or a contact lens 
case clean is an important predisposing factor. It is important to educate the contact 
lens user to follow cleaning and hygiene guidelines for contact lenses: Box 20.3.

Box 20.2: Important Considerations While Designing IEC Module for Prevention 
of Corneal Ulcer
• Wear protective glasses
• Avoid ocular contamination with organic matter
• Irrigate the eyes with clean water in the event of accidental entry of foreign 

body including organic matter.
• Avoid rubbing of eyes
• Avoid eye makeup
• Maintain hand hygiene
• Avoid sharing makeup, linen, or eye drops with others
• Follow contact lens hygiene.
• Discontinue wearing contact lenses while sleeping
• Take prescribed medications on time
• Avoid self-medication/over-the-counter medication
• Avoid using topical and systemic steroids without prescription
• Take proper treatment of systemic predispositions
• Wear an eye patch to avoid symptoms such as sensitivity to light
• If an eye surgery has been performed, do not allow water to enter your eye
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20.2.3  Keratomalacia

Non-infective keratitis particularly related to malnutrition can be effectively 
addressed through proper preventive measures. The World Health Organization 
(WHO) estimated that about 254 million children have Vitamin A deficiency and 
2.8 million children have Xerophthalmia [15]. Corneal xerosis, corneal 
ulceration/keratomalacia and corneal scarring are major corneal manifestations of 
xerophthalmia. It is the most common cause of childhood blindness, with 3,50,000 
new cases every year [16]. A one-year follow-up of corneal xerophthalmia cases 
shows that only 40% survive, and of the survivors, 25% are blind and 50% to 60% 
partially blind [16]. Looking at the large contribution of the disease to blindness, 
preventive measures play a major role. For the prevention and control of vitamin A 
deficiency, WHO recommended periodic administration of vitamin A supplements 
in areas where vitamin A deficiency is endemic, as summarized in Fig. 20.2 [17].

20.2.4  Corneal Refractive Surgeries

Meticulous pre-operative evaluation is the best preventive measure to avoid 
complications like corneal ectasia, flap complications, visual aberrations and 
DED.  Furthermore, prophylactic topical antibiotics and pre-operative ocular and 
systemic examination is the best preventive measure for reducing the incidence of 
microbial keratitis in the immediate post-operative period. Meticulous attention to 
microkeratome assembly, cleaning, handling, storage, and intraoperative care for 

Box 20.3: Cleaning and Hygiene Guidelines for Contact Lens Use
• Wash your hands thoroughly before handling your contact lenses or 

touching your eyes.
• Do not use tap water, bottled water, saline solution or rewetting drops to 

disinfect or store contact lens.
• Be sure to clean, rub, and rinse your lens each time you remove your lens 

before soaking it for disinfection. Rubbing and rinsing your contact lens 
will aid in removing harmful microbes and residues.

• Replace your contact lenses as recommended.
• Do not sleep in lenses you are supposed to remove every day.
• Do not wear contact lenses when you go swimming or for a shower.
• If there is any eye irritation, remove contact lenses, do not rub your eyes 

and seek medical attention.
• Close all bottles of contact lens solution properly after use.
• Discard contact lens solutions 1 month after opening.
• Replace your lenses and storage cases as recommended.
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the smooth translation of the keratome head may prevent various intraoperative 
complications.

Thin flaps and buttonholing are serious intraoperative complications that can be 
prevented by proper maintenance and handling of microkeratome. Eyes with previ-
ous scleral buckling and conjunctival scarring should be properly evaluated pre- 
operatively to prevent any such intraoperative complications. A careful keratometry 
and topography prevent free cap formation in susceptible eyes, especially those with 
flat corneal curvature.

Vitamin A Supplement Protocol

Short Term Approach Long Term Approach

Food fortification
with vitamin A

Infant 6-12
months old and

any older
children

(weight <8 kg)

1 lakh IU orally
every 3-6

month

Infants less than 6
months old, not being

breastfed

50 thousand IU orally
 should be given before
they attain the age of 6

months

Children 1-6
years

2 lakhs IU
orally every
6 months

Lactating
mothers

20 thousand IU
orally once at

delivery or during
the next 2
months

‘Child survival and safe motherhood’ (CSSM) program
recommended a revised schedule of vitamin A supplements in

India since August 1992-

1. 1 Lac IU as a first dose of vitamin A at 9 months of age
 along with measles vaccine.

2. 1 Lacs IU as a second dose of vitamine A at 18 months of
 age along with booster dose of DPT/OPV

3. 2 Lacs IU as third dose of vitamin A at 2 year of age

• Nutritional health education in the
 curriculum of school children
• Promotion of adequate intake of
 vitamin A rich food

Intermediate Approach

Fig. 20.2 WHO recommended guidelines for Vitamin A supplementation
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Precautions should be taken in the first 24 h after LASIK, as flap dislodgement 
occurs as a result of mechanical disruption due to blinking, lid squeezing and eye 
rubbing, and the same can be prevented with well-explained procedure, precautions, 
and consequences. The corneal ectatic disorder may increase the risk of drastic 
complications of corneal perforation, which requires emergency management. Due 
to improper adjustment of the thickness plate, the microkeratome blade can perfo-
rate the cornea during the pass. With newer microkeratomes that have pre- assembled 
fixed thickness plates inadvertent corneal perforation is not usually seen.

During laser ablation, corneal perforation can be an outcome of either improper 
calculation of stromal bed or excessive dehydration of the bed, which can be pre-
vented by a meticulous pre-operative pachymetry. While intraoperative pachymetry 
before raising the corneal flap, after raising the corneal flap and after stromal abla-
tion seems helpful in the prevention of corneal ectasia [18]. Patient cooperation 
during the procedure is essential for well-centered ablation, which requires good 
pre-operative counseling. Active eye-tracking systems can overcome the effects of 
Patient’s involuntary eye movement to prevent decentered ablation. To prevent post- 
LASIK complications like keratitis, flap dislodgement and dry eyes, “care plan” 
will often include measures as described in Box 20.4.

20.3  Medicolegal Implications

Ocular trauma cases account for 6–9% of all ophthalmology-related litigations [19]. 
Partial or complete loss of vision is an emotionally challenging event likely to 
decrease patient’s quality of life and in turn persuade him or her to seek litigation. 
The following steps will minimize the medicolegal risk of the ophthalmologists 
when dealing with such corneal emergency cases, Box 20.5.

Box 20.4: Care Plan to Prevent Post-LASIK Complications
• Topical tear substitutes
• During the healing process, it is important to avoid rubbing of eyes and use 

of protective eye shield for as long as recommended. Wear sunglasses 
when out in the sun for at least a month.

• Regular follow-ups should be continued for at least 6 months after surgery
• Prevent contact of shampoo, shower water, and soap from eyes
• Do not participate in any strenuous activities for the first 2 or 3 days.
• Avoid dry dusty or polluted environment for at least a week.
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20.3.1  Approach to Deal with Emergency Cases

The rule of thumb while dealing with corneal emergencies is “all emergency cases 
must be attended without delay and at least first aid should be provided before refer-
ring.” In the event of non-adherence to this or denial to attend the same, especially 
while dealing with sight-threatening corneal emergencies, can invite legal proceed-
ings. As per the supreme court of India “The priority of doctor should be saving 
lives of injured and not to make entries.”

As per ICMR 2002 regulation no 2.1.1—“A physician advising a patient to seek 
service of another physician is acceptable, however, in case of emergency a physi-
cian must treat the patient. No physician shall arbitrarily refuse treatment to a 
patient. However, for good reason, when a patient is suffering from an ailment 
which is not within the range of experience of the treating physician, the physician 
may refuse treatment and refer the patient to another physician.” [20] For instance, 
if any case of traumatic corneal perforation comes, then patient must be given pri-
mary care followed by primary repair of the wound, and once the emergent situation 
is satisfactorily dealt with the patient may be given an option to visit a concerned 
specialist for other ocular injuries if the trained person is not available at the site of 
primary care or if the patient wants the second opinion.

As per ICMR 2002 regulation no 2.4—“A physician is free to choose whom he 
will serve. He should, however, respond to any request for his assistance in an emer-
gency. Once having undertaken a case, the physician should not neglect the patient, 
nor should he withdraw from the case without giving adequate notice to the patient 
and his family.” [20] However, the treating doctor should exercise conscious efforts 
to administer specifically that treatment that falls within his expertise even though it 
may be an emergency. It is always prudent to address the corneal emergency in 
patients with the stable general condition. In case of unstable general condition, the 
patient should first be referred for management of systemic status and later for ocu-
lar intervention.

Box 20.5: Recommendations in Corneal Trauma
• Immediate primary care which is available should be provided to all 

emergency cases presenting with corneal trauma
• Detailed and meticulous documentation, best to document precise values 

and evident findings
• Explain potential risks and long-term squeal while taking informed consent
• Rule out intraocular foreign body associated with corneal trauma
• Use Steroids only where indicated and recommended
• Maintain good patient rapport
• Timely referral in cases requiring emergency management, not available at 

primary setup, to higher centers after providing primary care
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In a case where a patient of ocular trauma seeks treatment from practicing general 
ophthalmologist and if the ocular condition is beyond his expertise, it is advisable 
to refer the case after administering primary treatment. A referral letter to the patient 
with a receiving signature of patient or guardian with the date and time should be 
kept as a record. The Doctor should record the corneal injuries in detail with figures 
or photographs, all necessary investigations, consents, and prognosis must be 
documented. The patient should be treated as per the standard recommended norms.

As per ICMR 2002 regulation no 2.3—“The physician should neither exaggerate 
nor minimize the gravity of a patient’s condition. He should ensure that the patient, 
his relatives or his responsible friends have such knowledge of the patient’s condi-
tion as will serve the best interests of the patient and the family.” [20] Cases present-
ing with corneal emergencies carry a wide variation in potential prognosis from 
very good to vision threatening. Patient and relatives must be explained clearly 
about the expected visual prognosis based on presenting clinical scenario. 
Counseling for prognosis becomes more important when a surgical intervention is 
planned.

20.3.2  Clinical Examination

A careful and detailed clinical examination to elucidate, quantify, and record the 
extent of damage is the most vital aspect in the management of a case of corneal 
emergency. Take photographs or draw simple sketches of the ocular condition wher-
ever possible. This is particularly important while informing the status of damage 
and also its prognosis to the patient and their relatives. Clinical features which 
should be examined are as follows:

Corneal laceration—The type, location, grade, direction, dimensions, coexistent 
damage to other tissues and presence or absence of foreign bodies in the wound 
should be carefully noted. All descriptions relating to measurement should be accu-
rate while avoiding terms like “about” “approximately” “likely.”

Infectious keratitis—Meticulous clinical examination based on history and 
presentation is pre-requisite for preventing the progression of infectious keratitis to 
the visual threatening corneal emergency. Morphological features like size, location 
and depth of ulcer and infiltration, condition of uninvolved cornea and limbus, pres-
ence of hypopyon/anterior chamber reaction, satellite lesions, involvement of con-
tiguous tissues and descemetocele/perforation should be noted.

Keratomalacia—Slit-lamp evaluation to look for dryness with loss of luster and 
melting/ulceration and perforation of the cornea, with the typical absence of inflam-
matory reactions, particularly in malnourished children.

Contact lens wear—Clinical features which should be looked for comprising of 
mucopurulent discharge, conjunctival injection, stromal edema and epithelial defect 
with underlying stromal infiltration in the midperiphery with or without anterior 
chamber reaction.

Chemical Injuries—Extent and depth of injury using a standard classification 
system should be documented to quantify the degree of corneal, conjunctival, and 
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limbal involvement. Both the palpebral and bulbar conjunctiva need to be examined 
with fluorescein under a cobalt blue light. IOP documentation especially in cases 
with alkaline chemical injuries.

Post-surgical—Slit-lamp evaluation on the first post-operative day is crucial in 
timely management of early complications associated with corneal surgical proce-
dures and consequent emergencies. Post corneal refractive surgery cases should be 
looked for position of flaps, corneal edema and infiltration. Post-keratoplasty cases 
require evaluation of sutures, anterior chamber integrity and signs of anterior cham-
ber inflammation. Features suggestive of infection and raised IOP needs immediate 
attention in both situations.

20.3.3  Record Keeping

Document is the best evidence as law adheres to evidence; hence all records should 
be meticulously maintained in the form of prescription, intervention, referral notes, 
etc. In corneal emergencies, documenting the clinical findings in the form of corneal 
drawings should be mandatorily performed. The basic scheme for corneal drawings 
is illustrated in Fig. 20.3 [21]. It is always advisable to follow the standard protocol 
for corneal drawings rather than developing one’s own as these can be uniformly 
followed and easily interpreted by other ophthalmologists. It is a good practice to 
avoid writing codes and unfamiliar short forms.

The Medical Council of India has mandated to preserve the records for a period 
of 3 years [20, 22]. Proper documentation and recording of minute details of the 
ocular treatment is pre-requisite for avoiding the charge of negligence. The pre-
scription should be in own letterhead with details of patient and date which should 
be legible and signed. Computer records may not serve as authentic documents; 
hence a hard copy should be kept as a record [20, 23].

Medico Legal Case Register should record all MLC cases with date, time, 
finding, and description of injury—simple or grievous [24]. Record of all 
investigations should be mandatorily preserved data. It should be clear, detailed, 
accurate, and objective [24]. It is imperative for a medical establishment to inform 
the police whenever such cases come for treatment. Certificates pertaining to the 
type of injury and extent of damage should be issued to police or court on request. 
Medical Information of a patient is protected by the code of Professional Conduct 
framed under Section 33(m) read with Section 20-A of the Indian Medical Council 
Act. 1956 [20]. There is an exception to the general rule of maintaining the 
confidentiality of information of the patient, in as much as such information can be 
disclosed in public interest or disclosure is solicited by the court of law [20].

20.3.4  Informed and Documented Consent

Medical or Surgical intervention in each case should be cautiously planned with 
informed consent in patient’s language. It is defined as “Voluntary agreement, 
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compliance, or permission for specified act or purpose” [25]. The Indian contract 
Act Section 13, states “two or more persons are said to consent when they agree up 
on the same thing in the same sense” [25]. Any intervention medical or surgical 
without consent will be considered as an internal interference with the patient’s 
body without legal sanction and liable for damage claim. Consent is to be obtained 
from conscious, mentally sound adults or from the parent of a child who is <12 years 
of age [26]. Cataract and corneal surgeries account for the majority of the claims 
filed in courts [27]. Permanent privation of the sight of either eye has been termed 
as grievous injury, which makes it a punishable offense under IPC Section 320 [28].

The valid consent—not only protects the ophthalmologist from civil liability but 
also from criminal liability—Sec 87 of IPC Act [25]. Informed consent is the pro-
cess in which a health care provider educates a patient about the risks, benefits, and 

Frontal View

• Opacities such as scars are drawn in black.
• Epithelial oedema is represented by fine blue circles, stromal oedema as
 blue shading and folds in Descemet's membrane as wavy blue lines.
• Hypopyon is shown in yellow.
• Blood vessels are added in red. Superficial vessels are wavy lines that
 begin outside the limbus and deep vessels are straight lines that begin at
 the limbus.
• Epithelial oedema is represented in green.
• Extent of corneal tear/ laceration to be represented in black, should be
 mentioned according to clock hours and extension.

Slit View

a b

Fig. 20.3 Corneal draw chart
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alternatives of a given procedure or intervention in a language understandable by 
the patient/legal guardian and documenting the same with a witness signature. 
Various essential components of the consent have been recommended by different 
ophthalmologic organizations [25, 29–32]. Parts of valid consent includes:

 1. The nature of the procedure including type of anesthesia to be administered.
 2. The risks and benefits of the procedure.
 3. Reasonable alternatives.
 4. Risks and benefits of alternatives.
 5. Assessment of the patient’s understanding of above.

However, consent does not give complete immunity from being negligent. 
Consent is de facto given for the risk associated with the procedure for which the 
consent is obtained. If complication happens or risk materializes due to negli-
gence—the consent will not be considered in court [25]. Exceptions to informed 
consent: (1) the patient is incapacitated, (2) life-threatening emergencies with inad-
equate time to obtain consent, and (3) voluntary waived consent [33]. In a recent 
judgment, the National Consumer Disputes Redressal Commission has held that 
“consent is implicit” in emergency cases where the patient was brought in seriously 
injured condition and waiting for the consent of patient or passer-by who brought 
the patient in the hospital is “deficiency in services.”

Precautions to be taken prior to ophthalmic emergency surgery to make the 
surgeon safe:

 (a) Take physical fitness from a Physician.
 (b) Always have a qualified stand-by Anesthetist.
 (c) O.T. should have an oxygen cylinder, suction machine, emergency drugs as per 

standard list.
 (d) Written informed consent in patient’s language.

While dealing with corneal injuries in emergency, police should be informed 
within 24 h from the admission in the hospital in cases of [25]:

 1. Grievous injury with a history of assault (perforating corneal injuries and 
chemical injuries).

 2. In cases of patient’s death.
 3. Where cause of death cannot be certified.
 4. During surgical or interventional ophthalmological procedure, death occurs 

(death on table).
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20.4  Conclusion

A major proportion of corneal blindness due to causes related to corneal emergencies 
are amenable to prevention or cure in the majority of cases, by the reasonable 
deployment of preventive measures and timely interventions. Blindness due to 
infectious and traumatic causes and nutritional deficiencies can be effectively pre-
vented by concerted preventive measures adopted by authorities and masses. 
Similarly, predisposing factors relating to corneal surgeries, contact lens use, 
Stevens-Johnson syndrome and other corneal pathologies are largely avoidable and 
treatable with appropriate and timely interventions.

Areas with a high prevalence of corneal morbidity and where preventive strategies 
are not in place should be identified to initiate committed efforts for the prevention 
and management of such cases. Emphasis should be placed on developing primary 
eye care facilities and a rapid referral system. However, secondary and tertiary 
facilities should also be developed to provide therapeutic interventions, facilitate 
training and overall sensitization of the complete ocular health care network. 
Education for eye safety should be integrated into the school syllabus at all levels. 
The key to the prevention of corneal emergencies lies in the coordinated approach 
of health care providers, administrative authorities and the general population 
themselves towards whom the integrated efforts are targeted. Strengthening 
community cooperation in behavior, rituals, and environment can go a long way in 
the reduction/elimination of factors contributing to corneal emergencies and subse-
quent corneal blindness.

Guidelines for primary health care workers while dealing with ocular diseases 
with corneal involvement at primary set up as summarized in Box 20.6.

Box 20.6: Guidelines for Primary Health Care Worker While Dealing with Ocular 
Diseases with Corneal Involvement at Primary Set up
Conditions recognized and treated by the primary health care worker

• Conjunctivitis and lid infections
• Sub-conjunctival hemorrhage
• Conjunctival and corneal foreign bodies
• Corneal abrasion
• Xerophthalmia—conjunctival and corneal xerosis, Bitot’s spots
• Chemical injuries—first aid

Conditions recognized and referred after treatment has been initiated

• Corneal ulcers
• Corneal lacerations
• Keratomalacia
• Chemical injuries
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Key Points
• Prevention and awareness are major weapons to fight preventable blindness 

arising from corneal emergencies.
• Role of community ophthalmologists and field workers needs to be strengthened 

to create awareness and deal appropriately with corneal emergencies.
• Information, education, and communication (IEC) plays a vital role in achieving 

awareness among the most susceptible sections of society.
• Corneal trauma, ulcers, and refractive surgeries are the most common entities 

seen to be associated with corneal emergencies.
• Proper use of protective eye wears, provision of strict guidelines and adequacy of 

first aid is pivotal to the prevention and prognosis of occupational corneal trau-
matic emergencies.

• School-based awareness and strict legislation are pre-requisite to reduce the 
burden of childhood traumatic corneal emergencies.

• Education and awareness regarding healthy contact lens habits and stay away 
from the use of over-the-counter and traditional medications prevent the keratitis- 
related emergencies.

• Approach to deal with a case of corneal emergency and strict adherence to the 
rules of documentation and consent are a crucial part of medicolegal aspects.

References

 1. Burton MJ.  Corneal blindness: prevention, treatment and rehabilitation. Community Eye 
Health. 2009;22(71):33.

 2. Verma R, Khanna P, Prinja S, Rajput M, Arora V.  The national programme for control of 
blindness in India. Australas Med J. 2011;4(1):1–3.

 3. Voon LW, See J, Wong TY. The epidemiology of ocular trauma in Singapore: perspective from 
the emergency service of a large tertiary hospital. Eye (Lond). 2001;15(Pt 1):75–81.

 4. Owens PL, Mutter R. Emergency department visits related to eye injuries, 2008: statistical 
brief #112. 2011 may. In:  Healthcare cost and utilization project (HCUP) statistical briefs 
[internet]. Rockville (MD): Agency for Healthcare Research and Quality (US); 2006. Available 
from: https://www.ncbi.nlm.nih.gov/books/NBK56035/.

 5. American Academy of Ophthalmology and American Society of Ocular Trauma. United States 
eye injury registry summary report, 1998–2002. http://www.aao.org/newsroom/guide/upload/
Eye- Injuries- BkgrnderLongVersFinal- l.pdf

Conditions recognized and referred for further treatment to higher Center

• Any cause which has led to visual loss/visual deprivation
• Steven Johnson syndrome
• One-eyed patient

20 Public Awareness, Preventive and Medicolegal Aspects in Corneal Emergencies

https://www.ncbi.nlm.nih.gov/books/NBK56035/
http://www.aao.org/newsroom/guide/upload/Eye-Injuries-BkgrnderLongVersFinal-l.pdf
http://www.aao.org/newsroom/guide/upload/Eye-Injuries-BkgrnderLongVersFinal-l.pdf


386

 6. National Institute for Occupational Safety and Health (NIOSH). Healthy people 2010. Vision. 
Fact sheet: eye safety at work is everyone’s business. www.cdc.gov/Features/dsworkPlaceEye/

 7. Harrison A, Telander DG. Eye injuries in the youth athlete: a case-based approach. Sports 
Med. 2002;31(1):33–40.

 8. Singh S, Sharma B, Kumar K, Dubey A, Ahirwar K. Epidemiology, clinical profile and factors, 
predicting final visual outcome of pediatric ocular trauma in a tertiary eye care center of 
Central India. Indian J Ophthalmol. 2017;65(11):1192.

 9. Vajpayee RB, Shekhar H, Sharma N, Jhanji V.  Demographic and clinical profile of ocular 
chemical injuries in the pediatric age group. Ophthalmology. 2014;121(1):377–80.

 10. Xie Y, Tan Y, Tang S.  Epidemiology of 377 patients with chemical burns in Guangdong 
province. Burns. 2004;30:569–72.

 11. John D, Philip SS, Mittal R, John SS, Paul P. Spectrum of ocular firework injuries in children: 
a 5-year retrospective study during a festive season in southern India. Indian J Ophthalmol. 
2015;63(11):843–6.

 12. Wagoner MD. Chemical injuries of the eye: current concepts in pathophysiology and therapy. 
Surv Ophthalmol. 1997;41(4):275–313.

 13. Dain SJ. Sports eyewear protective standards. Clin Exp Optom. 2016;99(1):4–23.
 14. Gopinathan U, Sharma S, Garg P, Rao GN. Review of epidemiological features, microbiological 

diagnosis and treatment outcome of microbial keratitis: experience of over a decade. Indian J 
Ophthalmol. 2009;57(4):273.

 15. West KP Jr. Extent of vitamin A deficiency among preschool children and women of 
reproductive age. J Nutr. 2002;132(9 Suppl):2857S–66S.

 16. Feroze KB, Kaufman EJ.  Xerophthalmia [updated 2020 Jun 22]. In:  StatPearls [internet]. 
Treasure Island (FL): StatPearls Publishing; 2020. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK431094/.

 17. Underwood BA.  Prevention of vitamin A deficiency. In:  Prevention of micronutrient 
deficiencies: tools for policymakers and public health workers. Institute of Medicine; 1998. 
p. 103–66.

 18. Sridhar MS, Rao SK, Vajpayee RB, Aasuri MK, Hannush S, Sinha R. Complications of laser- 
in- situ-keratomileusis. Indian J Ophthalmol. 2002;50(4):265.

 19. Bettman JM.  Seven hundred medicolegal cases in ophthalmology. Ophthalmology. 
1990;97:1379–84.

 20. Code of medical ethics regulation. ICMR guidelines 2002. https://www.mciindia.org/CMS/
rules- regulations/code- of- medical- ethics- regulations- 2002

 21. Bowling B.  Kanski’s clinical ophthalmology: a systematic approach. 8th ed. Saunders; 
2016. p. 172.

 22. Aggarwal KK, Gupta I. Maintenance and preservation of medical records. Indian J Clin Pract. 
2019;29(12):1184. https://ijcp.in/Admin/CMS/PDF/21.%20Medicolegal_IJCP_May2019.pdf

 23. Thomas J. Medical records and issues in negligence. Indian J Urol. 2009;25(3):384–8.
 24. Meera T. Medicolegal cases: what every doctor should know. J Med Soc. 2016;30(3):133.
 25. Verma L. Legal aspects in ophthalmology. All India Ophthalmological Society. https://www.

aios.org/cme/cmeseries27.pdf
 26. Chaturvedi A.  Consent-its medico-legal aspects. Medicine update; 2000. pp.  883–7. http://

apiindia.org/wp- content/uploads/pdf/medicine_update_2007/153.pdf.
 27. Agarwal D, Kumar A, Sundar D.  Commentary: medico legal aspects in ophthalmology in 

India. Indian J Ophthalmol. 2019;67(10):1526.
 28. Yadav M, Bansal MK. Critical analysis of grievous hurt section 320, 326, IPC: a case law. 

Indian Internet J Forensic Med Toxicol. 2019;17(4):93–7.
 29. Pandey SK, Sharma V. Commentary: increasing cases of litigations against ophthalmologists: 

how can we minimize litigations during ophthalmic practice? Indian J Ophthalmol. 
2019;67(10):1527.

D. Soni et al.

http://www.cdc.gov/Features/dsworkPlaceEye/
https://www.ncbi.nlm.nih.gov/books/NBK431094/
https://www.ncbi.nlm.nih.gov/books/NBK431094/
https://www.mciindia.org/CMS/rules-regulations/code-of-medical-ethics-regulations-2002
https://www.mciindia.org/CMS/rules-regulations/code-of-medical-ethics-regulations-2002
https://ijcp.in/Admin/CMS/PDF/21. Medicolegal_IJCP_May2019.pdf
https://www.aios.org/cme/cmeseries27.pdf
https://www.aios.org/cme/cmeseries27.pdf
http://apiindia.org/wp-content/uploads/pdf/medicine_update_2007/153.pdf
http://apiindia.org/wp-content/uploads/pdf/medicine_update_2007/153.pdf


387

 30. Anderson OA, Wearne IM. Informed consent for elective surgery—what is best practice? J R 
Soc Med. 2007;100(2):97–100.

 31. Skene L, Smallwood R. Informed consent: lessons from Australia. BMJ. 2002;324(7328):39–41.
 32. Scanlan D, Siddiqui F, Perry G, Hutnik CM.  Informed consent for cataract surgery: what 

patients do and do not understand. J Cataract Refract Surg. 2003;29(10):1904–12.
 33. Shah P, Thornton I, Turrin D, et al. Informed consent. [updated 2020 Jun 1]. In:  StatPearls 

[internet]. Treasure Island (FL): StatPearls Publishing; 2020. https://www.ncbi.nlm.nih.gov/
books/NBK430827/.

20 Public Awareness, Preventive and Medicolegal Aspects in Corneal Emergencies

https://www.ncbi.nlm.nih.gov/books/NBK430827/
https://www.ncbi.nlm.nih.gov/books/NBK430827/


389© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022
B. Sharma, J. S. Titiyal (eds.), Corneal Emergencies, 
https://doi.org/10.1007/978-981-16-5876-1

A
Abdominal pressure, 275
Ablative procedures, 197
Abrasions, 286, 296, 339
Abscess, 288
Abscission, 124
Acanthamoeba, 100, 175, 288

cysts, 73
keratitis, 32, 78, 161–163, 288, 297

Accessory glands, 327
Accessory lacrimal glands, 328
Acidic ocular burns, 36
Acid injuries, 213
Acne rosacea, 301
Acoustic neuromas, 101
Acquired immunodeficiency syndrome 

(AIDS), 301
Acute chemical injury, 75–76
Acute corneal hydrops, 49
Acute emergency, 49
Acute endophthalmitis, 242
Acute graft rejection, 37, 38, 61
Acute hydrops, 200, 205, 312
Acyclovir, 99, 179
Adalimumab, 305
Adenoviral epidemic keratoconjunctivitis, 263
Adnexa, 217
Adnexal trauma, 114
Ahmed glaucoma device, 348
Ahmed glaucoma valve, 81
Air tamponade, 255
Alger brush, 92
Alkali agents, 35
Alkali burns, 35
Alkali injuries, 97, 213, 218
Allergic reactions, 244
Allergies, 287
Allogenic cultivated limbal epithelial 

transplantation, 231

Allograft reaction, 301
Allograft rejection, 37, 81, 251
Allopurinol, 62
Alopecia, 269
Alpha-2 adrenergic agonists, 244
Alpha-adrenergic blockers, 243
Ametropia, 40, 208
Amikacin, 248
Ammonia, 218
Amniotic membrane, 187, 316, 332
Amniotic membrane graft (AMG), 51, 76, 

247, 305
Amniotic membrane transplantation  

(AMT), 98, 164, 187, 226, 329, 
333, 364

Amphotericin B, 77, 128, 248
Amyloidosis, 101
Analgesics, 326
Analogous donor, 237
Analog scale, 224
Anesthetic agents, 242
Angle recession, 69, 72
Anisocoria, 243
Ankyloblepheron, 227
Anorexia, 244
Anterior capsule, 114, 126
Anterior chamber (AC), 51, 67, 94, 218,  

238, 242, 280, 291, 312, 315, 
347, 349

angle, 72
cells, 114
IOL, 128
reaction, 67, 264, 345
wash, 128

Anterior chamber-associated immune 
deviation (ACAID), 21, 259

Anterior ciliary arteries, 351
Anterior lamellar keratoplasty (ALK), 

230, 237

Index

https://doi.org/10.1007/978-981-16-5876-1#DOI


390

Anterior lens capsule (ALC), 69
Anterior rhexis, 127
Anterior segment, 35, 172, 351

angiography, 227
ischemia, 69, 350

Anterior segment optical coherence 
tomography (ASOCT), 50, 72–73, 
82, 241, 313

Anterior stroma, 228
Anterior subcapsular cataract, 242
Anterior synechiae, 229
Anterior uveitis, 242, 263, 304
Anterior vitrectomy, 127, 239
Anti-epileptics, 62
Antifungals, 77, 176
Antigen-antibody-complement (AAC), 156
Antiglaucoma agents, 34
Antiglaucoma medications, 226, 342
Antimetabolites, 349
Antimicrobials, 188
Antimitotic agents, 352
Antiparasitic treatment, 179
Aphakic, 69, 127
Aphakicbullous keratopathy, 103
Apoptosis, 226, 306
Applanation tonometry, 174
Aqueous, 240, 345, 348

humor, 93, 114, 217, 220
suppressants, 180, 226
tear deficiency, 229

Aravind Comprehensive Eye Survey, 108
A ring ulcer, 290
Arthralgia, 326
Artificial tear substitutes, 225
A-scan, 72
Ascorbic acid, 220
Aseptic precautions, 114
Aspergillus, 33, 134, 250, 290
Assaults, 32
Astigmatism, 82, 123, 129, 191, 300
Atopic dermatitis, 261
Atopy, 204, 312
Atropine 1%, 267
Atropine sulfate, 121
Atropine sulfate 1, 303–304
Atypical mycobacteria, 201
Autoclave, 51
Autoimmune diseases, 34, 70
Autoimmune keratitis, 172
Autologous peripheral blood serum, 226
Autologous serum, 178, 247, 335
Automated perimetry, 244
Awareness, 367, 369
Azathioprine, 78, 268, 269, 304

B
Bacillus species, 128
Bacterial conjunctivitis, 349
Bacterial culture, 94
Bacterial endotoxins, 208, 343
Bacterial keratitis, 133, 146
Bag complex, 127
Balanced saline solution (BSS), 222
Balanced salt solution, 53, 97
Baltimore eye survey, 107
Band, 114
Bandage contact lens (BCL), 50, 51, 89, 92, 

117, 118, 164, 178, 181, 184, 229, 
230, 282, 352

Bandage soft contact lens, 180
Basal lamina, 228
Basement membrane, 95, 226

dystrophy, 195, 196
Basiliximab, 270
Battery acid burns, 35
Behçet’s disease, 301
Bell’s phenomenon, 352
Best-corrected visual acuity (BCVA), 82, 313
Beta-adrenergic blockers (Timolol 

maleate), 244
Betaxolol, 244
Bevacizumab, 249
Bever Dam Eye study, 107
Big bubble, 319
Bilateral blindness, 49
Binocularity, 118
Binocular loupe, 88
Biological agents, 84
Biomedical waste, 51
Biomolecular markers, 41
Birmingham Eye Trauma Terminology System 

(BETTS), 109
Bitot’s spot, 42, 358–359
Blebitis, 349
Blebs, 306, 347
Bleeding, 60, 276
Blepharitis, 80, 100, 201, 248
Blepharospasm, 89, 217
Blind eye, 29, 231
Blindness, 42, 245
Blinking, 77, 95, 222
Blisters(ing), 61, 62, 99, 326
Blood, 240

aqueous barrier, 125
count, 305
dyscrasias, 244
vessels, 253

Blood-aqueous barrier, 67, 68, 218
Blood-derived products, 247

Index



391

Blue sclera, 318
Blunt trauma, 69
B lymphocyte, 270
Bolsters, 335
Bone marrow suppression, 268, 269
Boston Ocular Surface Prosthesis  

(BOSP), 320
Botulinum toxin, 247
Bowman’s layer, 18, 74, 276
Bowman’s membrane, 104, 195, 292
Bridge suture, 124
Brimonidine, 98, 244
Brinzolamide 1%, 180
B-scan, 70–72, 115, 240, 318
Buckle, 114
Buckling surgery, 352
Bulbar conjunctiva, 328
Bullae, 103
Bullous dermatosis, 325
Bullous keratopathy, 33, 103
Buphthalmic eyes, 348
Burn, 35

C
Calcineurin inhibition, 269
Calcium hydroxide, 36
Calcofluor white, 175
Canalicular injuries, 113
Canaliculitis, 179, 248
Canaloplasty, 346
Candida, 134
Canthotomy, 102
Cap-lenticule adhesion, 199
Capsaicin, 216
Capsaicinoids, 216
Capsular tension ring (CTR), 127
Carbonic anhydrase inhibitors, 226, 244
Carboxy methyl cellulose, 89
Cataract, 31, 72, 130, 186

extraction, 238
surgery, 345

Cataractous lens, 72
Cauterization, 316
Cautery, 305, 352
Ceftazidime, 248
Cell death, 218, 275
Cellular integrity, 1
Cellular membranes, 218
Cellulose eye spear, 182
Cenegermin, 102
Central nervous system, 101
Central toxic keratopathy (CTK), 81, 209
Chemical burns, 62

Chemical injury, 35, 96, 102, 213
in pediatric patients, 369

Chemical Mace, 216
Chemosis, 63, 64, 128, 192, 221, 222, 228
Chemotaxis, 226
Chest X-ray, 175
Chlorhexidine, 288
Choroid, 67
Choroidal detachment (CD), 72, 116, 243, 247
Choroidal effusion, 347
Choroidal tap, 347
Chronic graft rejection, 73
Chuna packets, 218, 369
Chung’s swing technique, 199
Churg–Strauss syndrome, 41, 176
Cicatricial entropion, 63, 328
Ciliary body, 67, 72, 225

cleft, 69
Ciliary epithelium, 220
Ciliary spasm, 78, 121
Ciliary sulcus, 238
Cionni ring, 127
Ciprofloxacin hydrochloride, 303
Circumciliary congestion, 263, 296
Circumcorneal congestion, 87
Clinical examination, 380
Clinical signs, 358
Closed globe injury, 109
Coagulase negative, 247
Cobalt blue filter, 174
Cold sores, 172
Collaborative Corneal Transplantation Study 

(CCTS), 260
Collagen, 218, 220

fibres, 345
vascular disease, 42, 60, 83, 299

Collagenase, 226, 305
Collagen cross linking (CXL), 82, 208
Commotio retinae, 89, 91
Complement, 302
Complete blood counts, 115, 269
Complications, 277, 354
Compression sutures, 315
Compressive C-shaped LK, 320
Computed tomography (CT) scan, 115
Concretions, 89
Confocal microscopy, 161, 321, 347
Confocal scan, 288
Congenital corneal abnormalities, 49
Congenital disease, 49
Congestion, 64, 292, 295
Conjunctiva, 118, 198, 218, 299, 302
Conjunctival epithelial cells, 227
Conjunctival flaps, 164, 178, 188

Index



392

Conjunctivalisation, 230
Conjunctival–limbal autograft (CLAU), 231
Conjunctival membranes, 63
Conjunctival sac, 194
Conjunctival scarring, 328
Conjunctival staining, 333
Conjunctival xerosis, 359
Conjunctivitis, 62, 208, 214, 216, 325, 328
Connective tissue disorder, 40, 318
Consensual light reflexes, 63
Contact lens, 30, 60, 175, 243, 285, 317

adhesion phenomenon, 287
cornea, 300
induced keratitis, 39
microbial keratitis, 100
related keratitis, 33, 375
wear, 33, 64

Contact lens associated infective keratitis 
(CLIK), 71

Contact lens induced acute red eye 
(CLARE), 79

Contact lens related peripheral ulcers 
(CLPU), 65

Continuous suture, 277
Contrast enhanced CT, 71
Contusion, 109
Cornea, 1, 29, 89, 92, 107, 209, 218, 259, 275, 

285, 299, 339
clinic, 49, 50, 56
lenticules, 306
retrieval, 38

Cornea Donor Study (CDS), 38, 260
Corneal abrasion, 29, 30, 37, 59, 85, 100, 287
Corneal anaesthesia, 244
Corneal astigmatism, 247
Corneal blindness, 49, 276
Corneal burr, 92
Corneal button, 186
Corneal cell, 219
Corneal clouding, 339, 352
Corneal collagen, 302
Corneal collagen crosslinking, 252–253
Corneal culture, 135, 179
Corneal decompensation, 348
Corneal degenerations, 171, 176, 177
Corneal desiccation, 178
Corneal diameter, 198
Corneal dystrophies, 30, 95
Corneal ectasia, 20, 41, 62, 311
Corneal edema, 244, 312, 339, 347, 352
Corneal emergencies, 29, 51, 59, 85, 104, 191, 

195, 197, 201, 255, 285, 354
Corneal endothelium, 9, 348
Corneal epithelium, 2, 30, 70, 302

Corneal foreign body, 55, 85, 90
Corneal gluing, 54, 178, 181
Corneal graft, 37, 64

failure, 37
rejection, 271

Corneal haze, 82
Corneal hydrops, 79, 205, 311, 317
Corneal hypoesthesia, 174, 177
Corneal incisions, 353
Corneal infiltrates, 114, 287, 292, 335
Corneal infiltrative events (CIE), 40, 294
Corneal innervation, 25
Corneal laceration, 31, 32, 107, 120, 124
Corneal layers, 2
Corneal lesions, 146
Corneal melt, 42, 65, 171, 201, 204
Corneal neovascularisation, 39
Corneal nerves, 74, 101, 288
Corneal oedema, 65, 264
Corneal opacity, 102
Corneal pachymetry, 264
Corneal perforation, 34, 61, 82, 92, 98, 171, 

172, 188, 191, 203, 228, 300, 311, 
318, 328, 351

Corneal scar, 39, 49, 86, 117, 196, 279, 300, 
311, 347

Corneal scissor, 203
Corneal scraping, 53, 54, 100, 117, 302, 317
Corneal sensation, 99, 101
Corneal smears, 303
Corneal staining, 294
Corneal strength, 320
Corneal striae, 291
Corneal stroma, 2, 114, 311
Corneal sutures, 282
Corneal tears, 64, 70, 123, 318
Corneal thickness, 268, 275
Corneal topography, 74, 82
Corneal transplantation, 36, 255
Corneal trauma, 30, 33, 49, 62
Corneal trephination, 319
Corneal ulcer, 32, 37, 54, 60, 77, 82, 112, 292
Corneal ulceration, 40, 328, 359
Corneal vascularization, 37
Corneal wound, 63, 279

dehiscence, 38
Corneal xerosis, 359, 376
Corneoscleral junction, 73
Corneoscleral melting, 225
Corneo-scleral repair, 124
Corneo-scleral tears, 121
Cortical matter, 238
Corticosteroids, 265, 295, 351
Corynebacterium diphtheriae, 175

Index



393

Cotton tip applicator, 183
Cranial nerves, 62
Crepitus, 63
Crescentic LK, 320
Cryopreserved amniotic membrane, 333
Cryotherapy, 335
Crystalline lens, 128, 239, 279
Cultivated limbal epithelial 

transplantation, 231
Culture, 344

plates, 51
sensitivity, 142

Curvularia lunata, 159
Cyanoacrylate glue, 51, 98, 118, 183, 184, 

227, 305
Cyanoacrylate tissue adhesive, 319
Cyclocryotherapy, 245
Cyclodialysis, 72, 128, 129
Cyclophosphamide, 78, 304
Cycloplegics, 85, 267
Cyclosporin 2%, 267
Cyclosporine, 81, 305
Cyclosporine 0.05%, 332
Cyclosporine A, 179
Cyclosporine drops, 334
Cystoid cicatrix, 280
Cystoid macular edema (CME), 244, 247
Cytochrome P450, 326
Cytokeratin-3, 302
Cytokine, 226, 302, 306, 326
Cytotoxic, 286
Cytotoxic agents, 78
Cytotoxic P., 289
Cytotoxic T cells, 175

D
Daclizumab, 270
Decentred graft, 320
Deep anterior lamellar keratoplasty (DALK), 

38, 259, 319
Deep stromal infiltrate, 159
Deep stromal vascularization, 37
Dehiscence, 201, 345
Dematiaceous fungi, 64
Dendriform epithelial lesion, 265
Dendritic cells, 307
Dendritic ulcer, 153
Dermatological punch, 182
Dermoid, 351
Descemet membrane (DM), 66, 99

breaks, 72
detachment, 339
rupture, 320

Descemet membrane (DM)-endothelial 
complex, 237

Descemet membrane endothelial keratoplasty 
(DMEK), 38, 259

Descemetocele, 66, 165, 171, 185, 228, 290
Descemetopexy, 342
Descemetotomy, 342
Descemet’s folds, 216, 291
Descemet’s membrane, 2, 92, 171, 205, 311
Descemet’s Stripping Endothelial Keratoplasty 

(DSEK), 38
Descemet stripping automated endothelial 

keratoplasty (DSAEK), 259
Descemet tear, 316
Desmarres retractor, 53
Dew-drop lesion, 280
Dexamethasone, 226
Dexamethasone 1%, 331
Diabetes, 172, 268, 275
Diabetes mellitus (DM), 30, 34, 114, 201, 

246, 345
perforations, 240
tear, 313

Diabetic neuropathy, 101
Diarrhea, 43
Diathermy, 270
Diclofenac, 249
Diclofenac sodium, 94
Diffuse lamellar keratitis (DLK), 81, 201, 208
Difluprednate, 181, 269
Dihydrocapsaicin, 216
Diminution of vision, 60, 99, 317
Diphoterine, 221
Direct cyclopexy, 129
Discharge, 61
Disciform endothelitis, 157
Disciform keratitis, 66, 99
Dislocated lens, 70
Disposal, 51
Distichiasis, 63, 328, 335
Domestic injuries, 32
Donor button-holing, 241
Donor cornea, 260, 307, 319
Donor endothelium, 267
Dorzolamide 2%, 180
Double eversion, 63, 221
Down’s syndrome, 312
Doxycycline, 180, 226
Drug allergy, 114
Drug reactions, 43
Dry eye, 172, 201, 244, 261, 285

disease, 30, 60, 61, 100, 204, 205
syndrome, 177

Dua’s classification system, 223

Index



394

Duploject, 120
Dye, 70
Dynamic contour tonometer, 244
Dysphagia, 326
Dystrichiasis, 229

E
Eccentric trephination, 241
Ecchymosis, 63
Ectasia, 29, 205, 311
Ectropion, 229
Edema, 300
Electrolysis, 335
Empirical therapy, 148
Endoexudates, 67
Endophthalmitis, 37, 69, 78, 91, 124, 128, 

166, 188, 243, 247, 279, 344
Endothelial cell, 67, 237, 291, 339, 354
Endothelial dystrophy, 103
Endothelial graft rejection, 66, 253
Endothelial grafts, 39
Endothelial immune reactions, 259
Endothelial keratitis, 98
Endothelial keratoplasty (EK), 38, 237, 342
Endothelial mesenchymal transformation 

(EnMT), 22
Endothelial plaque, 288
Endothelial rejection, 185, 262, 263
Endothelial toxicity, 343
Endotheliitis, 146
Endothelium, 171, 276, 342
Endotoxins, 295
Entropion, 80, 229
Enucleation, 183
Epi bulbar block, 102
Epidemiology, 35
Epidermal growth factor (EGF), 226
Epidermis, 42
Epilation, 335
Epiphora, 295
Episclera, 299
Episcleral collateral vessels, 351
Episcleral congestion, 300
Epithelial abrasions, 346
Epithelial basement membrane 

dystrophy, 30, 95
Epithelial bullae, 103, 292, 317
Epithelial cells, 275
Epithelial defect, 64, 85, 100, 171, 201, 222, 

263, 288, 300, 317, 327, 328, 339
Epithelial dystrophies, 95
Epithelial edema, 216
Epithelial erosions, 228

Epithelial fistula, 71
Epithelial ingrowth, 81, 243, 254, 265, 282
Epithelial keratitis, 98, 153
Epithelial keratopathy, 186
Epithelial microcystic edema, 312
Epithelial microcysts, 95
Epithelial nests, 255
Epithelial pseudocysts, 202
Epithelial rejection, 263
Epithelial vesicles, 153
Epithelium, 10, 175, 327
Erythema multiforme, 325
Erythema multiforme major (EMM), 325
Ethyl enediamine tetraacetic acid (EDTA), 

180, 221
Evisceration, 186, 254
Evisceration surgery, 275
Examination, 348
Excimer laser ablation, 193, 197
Exotoxins, 208
Explants, 114
Exposure keratopathy, 102, 173
Extracapsular cataract surgery, 280
Extracellular matrix (ECM), 12, 275
Exudates, 67, 114
Exudative retinal detachment, 115
Eye, 35, 95, 172, 219, 286

rubbing, 348
shield, 39, 282
speculum, 54
surgery, 177
wash, 60

Eyeball, 243
Eyelashes, 328
Eyelid, 102, 120, 178, 327

F
Fas-Fas ligand, 326
Femtosecond laser, 192, 194, 243
Femtosecond laser assisted cataract 

surgery, 342
Femtosecond-laser assisted refractive 

procedures, 191
Ferromagnetic foreign body, 116
Fever, 325
Fibrin, 69
Fibrin glue, 51, 82, 119, 183, 240
Fibrinolysis inhibitor solution, 119
Fibrinotherm, 120
Fibroblast, 225
Fibronectin, 231
Filamentary keratitis, 335
Filamentous fungi, 33, 163, 176
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Filtering bleb, 280, 347, 349
Filtering surgery, 245
Filtration surgeries, 349
Fine needle diathermy, 253
Firecracker injury, 32, 103, 108, 370
Fistula, 243, 316
5% Natamycin, 303
5-fluorouracil (5-FU), 349
Flat anterior chamber, 37
Flap-buttonholes, 193
Flat corneas, 193
Flap macrostriae, 206, 207
Flap tears, 196
Flat tire sign, 116
Flat tyre sign, 71
Floppy eyelid syndrome, 178
Fluocinolone acetonide, 249
Fluorescein dye, 89, 129
Fluorescein stain, 70–71, 99, 224, 243, 

294, 345
Fluorescein strips, 51
Fluorometholone, 81, 180, 331
Fluoroquinolone, 77, 100, 179, 202, 225, 332
Foldable single piece IOLs, 128
Footprint scars, 65
Forced Seidel’s test, 64
Foreign body, 30, 85, 201

sensation, 61, 85, 286, 350
Fornices, 114, 332
Fornix, 221
Fortified antibiotics, 35, 148, 202
Fortified cefazolin sodium, 303
Frost suture, 102
Fuchs’ endothelial dystrophy, 262, 340
Full-thickness graft, 321
Fundus, 69, 92, 126
Fungal filaments, 67
Fungal infections, 33
Fungal keratitis, 33, 67, 134, 175, 254, 290
Fungi, 175, 201
Fusarium, 33, 250, 290
Fusarium keratitis, 290
Fusarium species, 176

G
Ganciclovir, 99
Ganciclovir gel, 179
Gaping edges, 315
Gastrointestinal bleeding, 327
Gatifloxacin, 89
General anaesthesia (GA), 114, 120, 239, 333
Genes, 41
Genitalia, 327

Genital ulcers, 62
Geographic lesions, 86
Geographic ulcers, 70
Ghost cells, 69
Giant papillae, 89
Giant papillary conjunctivitis, 119
Giemsa stains, 174
Glare, 117, 243
Glasgow Coma Score (GCS), 59
Glass foreign bodies, 92
Glass rod, 332
Glaucoma, 38, 103, 244, 261, 300

drainage devices, 114, 346
surgery, 261

Glaucomatous optic neuropathy, 219
Globe, 122, 183, 222, 229, 239, 243, 277, 

305, 348
rupture, 71, 108, 109, 124, 203, 318

Glucocorticoid, 275
Glycerol, 307
Glycosaminoglycans (GAGs), 15, 218
Goblet cells, 225, 302, 328
Goldenhar syndrome, 101
Goldmann applanation tonometer, 69, 244
Gonioscopy, 69, 129
Graft, 185, 259, 260, 276

clarity, 265
dehiscence, 114
detachment, 254, 255
failure, 36, 243, 259
host junction, 263, 276
infection, 37, 55, 245, 249
infiltrate, 80
melt, 247
oedema, 264
rejection, 20, 21, 37, 67, 186, 230, 244, 

245, 259, 263, 277, 306, 320
survival, 37

Graft-host junction, 39, 243
Gram positive bacteria, 201
Gram positive organisms, 303
Granulomatosis polyangiitis (GPA), 176, 302
Growth factors, 10, 15, 16, 188, 247
Gundersen flap, 188

H
Haemophilus aegyptius, 175
Haemophilus influenzae, 349
Headache, 61, 270
Healing mechanisms, 276
Helminthiasis, 41, 301
Hepatic dysfunction, 327
Hepatitis, 41, 301
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Hepatocellular necrosis, 269
Herpes infection, 42
Herpes simplex, 175

epithelial keratitis, 181
infection, 37
keratitis, 37, 39, 101, 244, 265

Herpes simplex virus (HSV), 98, 325
endothelitis, 157
infection, 101
keratitis, 65, 150
keratouveitis, 69

Herpes virus, 326
Herpes zoster, 41, 175
Herpes zoster keratouveitis, 69
Herpetic eye disease, 38, 176
Herpetic keratitis, 261
Herpetic keratouveitis, 265
Herpetic stromal keratitis, 179
High intraocular pressure, 37
HIV, 34
Homatropine 2%, 89, 267
Homatropine bromide 2%, 303
Host bed, 319
Household injuries, 35
HPMC, 120
Human leukocyte antigen (HLA), 42, 260, 326
Human solid-tissue transplantation, 36
Hydrochloric acid, 214
Hydrodynamic force, 314
Hydroflouric acid, 218
Hydrogel lenses, 291
Hydrops, 61, 204, 241, 317
Hyperemia, 327
Hypermetropia, 191
Hyperopia, 206
Hypertension, 240, 268
Hypertonic saline, 104, 313, 351
Hyphema, 31, 67, 114
Hypopyon, 35, 67, 114, 128, 173, 288, 302, 

304, 344
Hypotensive agents, 240
Hypotony, 243, 280, 351
Hypoxia, 66, 286, 297, 351

I
ICCE, 127
ICMR, 379, 380
IL-2 receptor, 270
Immune infiltrates, 246
Immune privileged, 20
Immune response, 37, 262
Immune stromal keratitis, 154
Immune system, 172
Immunoglobulins, 172

Immunological rejections, 36
Immunosuppression, 172, 268, 345
Immunosuppressive therapy, 38, 271, 309
Impaired dark adaptation, 357
Impaired vision, 31
Impending perforation, 181
Implant, 114
Incisions, 343
Indirect ophthalmoscope, 50, 70
Indomethacin, 249
Industrial trauma, 35
Infectious disease, 34
Infectious keratitis, 65, 178, 201, 202, 276, 

309, 318
Infective infiltrate, 65
Infiltrates, 35, 55, 61, 263, 299, 345
Inflammation, 38, 128, 242, 350, 351
Inflammatory bowel disease, 40, 176
Inflammatory cells, 67, 305, 306
Inflammatory cytokines, 262
Inflammatory diseases, 309
Inflammatory keratitis, 286
Inflammatory mediators, 76
Inflammatory reaction, 219
Infliximab, 78, 231
Influenza, 326
Information, education, and communication 

(IEC), 370
Informed consent, 117, 383
Injectable dexamethasone, 53
Inner canthus, 221
Insulin receptor substrate-1, 252
Interface bleed, 254
Interface infiltrates, 73, 202
Interleukins, 305
Intracameral air, 205, 314

injection, 255
tamponade, 240

Intracameral antibiotics, 128
Intracameral gases, 79
Intracameral lavage, 343
Intracorneal hemorrhage, 347
Intracorneal ring segments (ICRS), 191, 200
Intractable glaucoma, 229
Intra-lenticular foreign body, 115
Intra-lenticular pressure, 127
Intraocular air, 116
Intraocular contents, 81, 239, 275, 276
Intraocular foreign body, 115, 128
Intraocular injection, 313
Intraocular lens (IOL), 70, 114, 126, 239, 

279, 343
Intraocular pressure (IOP), 69–70, 174, 219, 

222, 263, 276, 315, 352
Intraocular surgeries, 203, 248, 354
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Intraoperative optical coherence tomography 
(iOCT), 341

Intra-orbital pressure, 118
Intrascleral vessels, 74
Intrastromal corneal ring segment, 320
Intrastromal fluid clefts, 72
Intrastromal injection, 347
Intravenous mannitol, 239
Intravenous methyl prednisolone, 307
Intravitreal antibiotics, 248
Intravitreal injection, 128, 350
Intravitreal tap, 128
Intumescent lens, 69
Invasive bacteria, 286
In-vivo confocal microscopy (IVCM), 73–74
Iridectomy, 129, 243
Irididodialysis, 279
Iridocorneal synechia, 119
Iridocorneal touch, 245
Iridocyclitis, 225
Iridodialysis, 31
Iridofundal colobomas, 346
Iridoplasty, 243
Iris, 63, 114, 124, 174, 222, 285, 349

atrophy, 69, 242
bombe, 245
fluorescein angiography, 351
holes, 68
perfusion, 351
prolapse, 239, 243
sphincter muscles, 63
synechiae, 261

Iritis, 91, 93, 119
Irregular astigmatism, 129
Irregular corneal astigmatism, 193
Irrigating contact lens, 353
Irrigating lens, 353
Irrigating solutions, 344
Ischemia, 275
IV dexamethasone, 268
Iymphadenopathy, 326

J
Jaegar eye chart, 62
Joint pain, 60, 172
Juxtalimbal cornea, 78

K
Keratectasias after surgeries, 312
Keratectomy, 206
Keratic precipitates (KP), 66, 99, 157, 264
Keratinization, 328
Keratinocyte, 327

Keratinocyte apoptosis, 326
Keratitis, 340, 349
Keratitis sicca, 248
Kerato-blepharon, 230
Keratoconjunctivitis sicca, 95
Keratoconus, 39, 177, 204, 205, 262, 285, 311
Keratocytes, 18, 276, 302, 307
Keratoglobus, 41, 311
Keratolimbal allograft (KLAL), 231
Keratolysis, 171
Keratomalacia, 357, 359, 361, 376
Keratomes, 340
Keratometry, 194
Keratopathy, 351
Keratoplasty, 32, 69, 102, 229, 237, 285, 300, 

344, 364
Keratoprosthesis, 219, 230, 253
Keratotomy, 345
Ketorolac tromethamine, 249
Khodadoust line, 66, 264
Kimura spatula, 51
KOH mount, 78
Krachmer spots, 263

L
Lacerations, 63
Lacrimal ducts, 328
Lacrimal gland, 327
Lacrimal sac, 34
Lacrimation, 216, 217
Lacrimatory agents, 214, 216
Lagophthalmos, 63, 102, 174, 178, 222, 

229, 301
Lamellar dissection, 240, 352
Lamellar graft, 320
Lamellar keratoplasty, 185, 253, 259, 306
Lamellar laceration, 109
Larger perforations, 164
Large sized ulcers, 159
Laser-assisted in situ keratomileusis (LASIK), 

19, 82, 191, 201, 312
Laser iridotomy, 80
Laser trabeculoplasty, 245
Lasik in situ keratomileusis, 281
Late endothelial failure, 36
Lattice dystrophies, 30
Legislative enforcement, 371
Lens, 72, 115, 222, 315

abscess, 69
aspiration, 280
dislocation, 31
hygiene, 40

Lensectomy, 129
Lenticule extraction, 306
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Lenticulorhexis, 199
Leucocytes, 67
Leukopenia, 269
Levator palpabrae superioris, 247
Lid, 63, 218, 286, 339

defects, 222
edema, 65, 214, 248, 302
eversion, 63
margin, 330
margin ulceration, 63
repair, 76
retraction, 329
speculum, 182, 221

Lifitegrast, 179
Limbal epithelial stem cells (LESC), 10
Limbal epithelium, 230
Limbal incision, 39, 203
Limbal ischemia, 74, 97, 214, 222, 224, 227
Limbal paracentesi, 315
Limbal stem cells, 35, 228, 270, 275, 328
Limbal stem cell deficiency (LSCD), 98, 230, 

261, 346
Limbal stem cell transplant (LSCT), 230
Limbus, 24, 78, 109, 185, 261, 286, 300, 344
Lime, 35, 63, 75, 218, 221
Lim’s forceps, 53, 120
Listeria species, 175
Litmus paper, 51
Liver function, 269, 305
Living related conjunctival–limbal allograft 

(lr-CLAL), 231
Local anesthesia, 333
Loose sutures, 37, 55, 71
Loteprednol, 81, 180
Lubricants, 76
Lubricating drops, 303
Lymphatics, 302
Lymphokine, 270
Lysozyme, 172

M
Mackay-Marg electronic tonometer, 244
Macrophages, 175, 251, 302
Macrostriae, 73
Macular dystrophy, 95
Major histocompatibility antigen, 259
Malaise, 270
Malnutrition, 275
Mannitol, 53
Map dot finger print dystrophy, 95
Marginal keratitis, 41, 100
Matrix metalloproteinase-1 (MMP-1), 176

Matrix metalloproteinases (MMP), 11, 82, 98, 
171, 302–303

McPherson forceps, 53
Measles infection, 43
Mechanical barrier, 317
Mechanical debridement, 163
Mechanical injury, 29
Mechanical trauma, 295
Medical emergencies, 32
Medico Legal Case Register, 381
Meibomian gland, 208, 225, 328

dysfunction, 95
Meibomitis, 248
Meningitidis, 175
Meniscus sign, 199
Metallic foreign body, 71, 92
Methicillin-resistant, 175
Methicillin-resistant Staphylococcus aureus 

(MRSA), 149
Methotrexate (MTX), 78, 304
Methylmethacrylate lens, 227
Methylprednisolone, 53, 81, 268
Microbial infection, 302
Microbial keratitis, 29, 32, 74, 99, 133, 172, 

201, 228, 294, 296, 317
Microbiological evaluation, 135
Micro diathermy, 96
Microforceps, 199
Microkeratomes, 192, 201, 347
Microperforations, 240
Microscope, 341
Microsurgical needle, 121
Micro-Vitreoretinal (MVR) blade, 120
Miltefosine, 162
Miosis, 87
Mitomycin C (MMC), 82, 206, 245, 349
Mixed infection, 77
MLC, 381
MMP 9, 226
Modified deep LK, 320
Moebius syndrome, 101
Monoclonal antibodies, 270
Mono-ocular patient, 270
Mooren’s ulcer, 40, 79, 176, 302
Morgan contact lens, 221
Morgan therapeutic lens, 220
Morphological patterns, 146
Mouth ulcers, 62
Moxifloxacin, 89
Moxifloxacin 0.5%, 332
MRI, 116
Mucocutaneous disease, 76
Mucocutaneous lesion, 326
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Mucopurulent discharge, 65, 317, 334
Mucositis, 326
Mucous membrane, 42, 325

grafting, 335
Multipiece IOL, 128
Multiple sclerosis, 101
Muscle hook, 334
Mutton fat keratic precipitates, 115
Myalgia, 326
Mycophenolate mofetil (MMF), 78, 268, 

269, 305
Mycoplasma pneumoniae, 326
Mycotic keratitis, 33, 133
Mycotic Ulcer Treatment Trial (MUTT II), 35
Mydriatic, 242
Mydriatic drops, 245
Myofibroblast, 18
Myopia, 41, 191, 206

N
N-acetylcysteine, 335
Nasal bleed, 59
Nasolacrimal duct, 345
Natamycin 5%, 77
National blindness control program, 107
National Program For Control Of Blindness 

(NPCB), 368
Natural killer cells (NK cells), 251
Nausea, 239
N-butyl-cyanoacrylate glue, 54
Nd:YAG laser, 96
Near vision, 129
Nebular scars, 65
Necrosis, 243
Necrotizing herpetic stromal keratitis, 179
Necrotizing stromal keratitis, 154, 155
Neisseria gonorrheae, 175
Neoplasia, 269
Neovascularization, 26, 79, 188, 263, 328, 335
Nephrolithiasis, 244
Nerve endings, 217–218
Nerve growth factor, 102
Neuroimaging, 59
Neuromodulator, 177
Neurotrophic keratitis, 35, 101, 102, 301
Neurotrophic keratopathy, 33, 171, 176, 

177, 261
Neurotrophic ulcers, 158
Neutrophils, 82, 251, 302
Nexagonare, 247
Night blindness, 357
Nikolsky sign, 327

Nitric acid, 214
Nitrocellulose paper, 334
Nitrogen mustard, 214
Nociceptors, 214
Non-contact tonometry, 50, 69
Non-infective keratitis, 376
Non-nutrient agar, 175
Non-ophthalmic emergencies, 113
Nonsteroidal anti-inflammatory drugs 

(NSAIDs), 177, 326
Normal saline, 221
Nyctalopia, 357
Nylon suture, 203, 277, 334

O
Obramycin, 303
Occupational eye injuries, 86
Occupational injuries, 32
OCT angiography (OCTA), 74, 76
Ocular atopy, 205
Ocular congestion, 244
Ocular emergency, 29, 62, 74, 351, 367
Ocular examination, 222
Ocular hypertension, 180, 210, 229
Ocular inflammation, 38
Ocular injuries, 88, 97, 217, 318
Ocular morbidity, 171
Ocular movements, 114
Ocular pain, 225
Ocular pemphigoid, 80
Ocular surface, 32, 36, 176, 177, 195, 

261, 349
Ocular surgery, 33
Ocular toxicity, 216
Ocular trauma, 34, 59, 107, 108, 172, 

175–176, 283
Ocular trauma score (OTS), 111
Oculoplasty, 114, 339, 354
Oedema, 39
Opacity, 87
Open globe injury, 72, 109, 115
Open-globe surgeries, 238
Operating microscope, 196, 353
Ophthalmia neonatorum, 49
Ophthalmic casualty service, 50
Ophthalmic emergency, 276
Ophthalmic viscosurgical devices, 343
Ophthalmologist, 94, 329
Ophthalmo-scope, 329
Optic canal fracture, 116
Optic nerve, 63, 71, 87, 116, 244

avulsion, 91, 116
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Optical canal fractures, 71
Optical penetrating keratoplasty, 185
Optical power, 107
Optical zone (OZ), 193
Optisol, 186
Oral corticosteroids, 304
Oral doxycycline, 209
Oral prednisolone, 268
Oral tetracyclines, 246
Orbit, 116
Orbital apex, 116
Orbital bone fractures, 63
Orbital roof fracture, 64
Orbital surgeries, 351
Orbital trauma, 115
Orbital wall, 115
Osteoporosis, 268

P
Pachymeter, 50, 51
Pachymetry, 197, 200, 205, 268
Paediatric ocular trauma study, 31
Pain, 79, 87, 317
Palisades of Vogt, 24
Palpebral conjunctival, 327, 330
Palpebral fissure, 192, 247, 340
Pannus, 231, 300
Panophthalmitis, 112
Papillary conjunctivitis, 286
Paracentesis, 315, 342
Paraesthesia, 244
Parkinson’s disease, 102
Pars plana, 349
Pars plana ports, 353
Pars plana vitrectomy (PPV), 128, 239, 248, 

255, 279, 352
Patch graft, 79, 185, 205, 306, 309, 349, 364
Patching, 85, 89, 117, 247
Patient counselling, 193
Pediatric eyes, 348
Pediatric ocular trauma score, 112
Pellucid marginal degeneration, 35, 177
Pemphigoid, 301
Penetrating corneal injuries, 64
Penetrating injuries, 31, 108, 109
Penetrating keratoplasty, 79, 185, 203, 237, 

259, 262, 279, 311, 347
Perfluoropropane, 188, 255
Perforated corneal ulcers, 34
Perforating injury, 109
Perforations, 188
Peribulbar block, 121
Perilimbal ischemia, 228

Perilimbal regions, 332
Perilimbal vessels, 222
Peri-neuritis, 288
Periorbital region, 62
Periosteum, 306
Peripheral anterior synechiae (PAS), 69, 

242, 300
Peripheral iridectomy, 80, 245
Peripheral ulcerative keratitis (PUK), 17, 24, 

35, 40, 78, 176, 181, 299
Peritomy, 125, 305
Permanent blindness, 107, 315
Permanent tarsorrhaphy, 102
Persistent epithelial defects (PEDs), 37, 80, 

176, 186, 246, 285, 306
Phacoemulsification, 203, 238, 280, 339, 

342, 343
Phagocytosis, 302
Photodynamic therapy, 253
Photokeratitis, 85, 96
Photophobia, 62, 89, 99, 129, 209, 262, 

300, 327
Photorefractive keratectomy (PRK), 18, 311
Phototherapeutic keratectomy (PRK),  

96, 206
Phototoxicity, 30
Phthisis bulbi, 201, 251, 354, 361, 362
Pilocarpine, 243
Pilocarpine nitrate, 315
Platelet-rich fibrin tears, 247
Platelet-rich plasma (PRP), 226
PMMA IOL, 128
Pneumatic retinopexy, 352
Polyarteritis nodosa, 40, 176, 301
Polycarbonate ring, 332
Poly-hexamethylene biguanide, 288
Polymegathism, 291
Polymerase chain reaction (PCR), 175
Polymicrobial keratitis, 134
Polymorphonuclear (PMN), 175, 219
Posterior capsular rupture, 127
Posterior capsule (PC), 238
Posterior chamber, 72
Posterior sclerotomies, 239
Posterior segment, 242, 352
Posterior synechia, 119, 245
Posterior uveitis, 249
Posterior vitreous detachment, 72
Post-LASIK complications, 378
Post-LASIK ectasia, 61, 82, 177, 205
Post-LASIK keratitis, 202
Postoperative complications, 241
Postoperative glaucoma, 80
Post-surgical traumatic wound dehiscence, 39
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Posttraumatic endophthalmitis, 128
Post-traumatic graft dehiscence, 276
Potassium hydroxide smear, 318
Povidone-iodine, 53, 208, 248, 333
Pre-descemetic space, 347
Pre-descemetic sutures, 317
Prednisolone acetate, 180
Prednisolone acetate 1%, 267
Pressure-induced Intralamellar Stromal 

Keratitis (PISK), 81, 210
Preventable corneal blindness, 357
Preventive measures, 367, 370, 372–375
Process of graft failure, 245
Prokera, 227, 332
Proliferation, 275
Proparacaine, 89, 92, 220
Proparacaine 0.5%, 53
Proptosis, 102
Prostaglandin analogues, 244
Prosthetic, 320
Proteinases, 226, 305
Proteoglycans, 20
Pseudo dendrites, 161, 162
Pseudomembranes, 63, 328
Pseudomonas, 33, 175, 201, 250
Pseudomonas aeruginosa, 100, 147, 289
Pseudomonas keratitis, 289
Psuedodendrites, 153
Pterygium surgery, 119, 351
Ptosis, 177
Public awareness, 367
Pulsed steroid therapy, 268
Punctal-canalicular trauma, 114
Punctal cautery, 178
Punctal occlusion, 80
Punctal plug, 178, 247
Punctate epitheliopathy, 214
Punctate keratopathy, 96
Punctate staining, 96
Punctual plugs, 229
Pupil, 68, 87, 238, 240, 351
Pupillary block, 67, 80, 244
Pupillary block glaucoma, 245
Pupillary reaction, 87
Pupilloplasty, 364
Purse-string suture, 124
Purulent discharge, 350
Pythium insidiosum, 163
Pythium keratitis, 164

R
Radial incision, 203
Radial keratoneuritis, 162

Radial keratotomy (RK), 200–202, 280, 
282, 311

Radial keratotomy-graft, 204
Radiation exposure, 275
Radiotherapy, 42
Ranibizumab, 249
Rapamycin, 269, 270
RAPD, 114
Rebound tonometry, 174
Record Keeping, 381
Rectus muscle, 351
Recurrent corneal erosion, 29, 30, 86, 94
Red eyes, 287
Redness, 62, 99, 300
Red-reflex, 239
Refractive error, 87, 207, 285
Refractive surgery, 41, 61, 191, 200, 210, 

280, 311
Rehabilitative procedures, 319
Reis-Buckler’s, 30
Rejection, 37
Relapsing polychondritis, 40, 176
Relative afferent pupillary defect, 63
Releasable sutures, 349
Renal failure, 327
Renal function test, 269, 305
Renal toxicity, 270
Replacement of the Ocular Surface 

Ecosystem, 320
Resection, 309
Respiratory tract infection, 43
Retinal breaks, 70
Retinal detachment (RD), 31, 69, 89, 115, 247, 

249, 279
Retinal surgeries, 353
Retinoic acid, 231
Retrobulbar bleed, 102
Retro-illumination mode, 238
Reverse RAPD, 113
Rheumatic diseases, 246
Rheumatoid arthritis, 40, 62, 78, 176, 299, 302
Rheumatoid factor, 175
Rigid gas permeable (RGP) contact lenses, 

130, 291
Riley Day syndrome, 101
Ringer’s lactate, 97
Ring infiltrates, 128
Risk factor, 108
Rituximab, 78
Roper–Hall classification, 223
Rosacea, blepharitis, 30
Rose Bengal dye, 263
Rose K lenses, 320
Rowsey-Hays technique, 122–123
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Sabouraud dextrose agar (SDA), 51, 174
Saline, 221, 329
Saline wash, 50
Salzmann nodular degeneration, 95
Sarcoidosis, 301
Satellite lesions, 64, 291
Scar, 65, 96, 276
Scarring, 87
Schirmer strips, 51
Schlemm’s canal, 69, 347
Sclera, 64, 176, 186, 299, 305
Scleral abscess, 64
Scleral contact lenses, 82, 285, 335
Scleral flap, 347
Scleral incision, 346
Scleral ischemia, 76
Scleral lenses, 320
Scleral melt, 228
Scleral necrosis, 64
Scleral patch, 306
Scleral rigidity, 280, 348
Scleral rupture, 72
Scleral spur, 69, 72
Scleral tear, 64, 69, 125
Scleral tunnel, 349
Scleritis, 165, 300
Sclerocorneal, 306
Sclerokeratitis, 64
Sclerostomy, 350
Sclerotic scatter, 291
Scrapings, 79
Sealer protein solution, 120
Secondary epitheliopathy, 244
Secondary glaucoma, 91, 125, 242, 279, 315
Secretory ductules, 328
Sectoral tenonplasty, 228
Sedation, 333
Seidel’s test, 114, 174, 243, 280
Self-sealing incision, 280
Sensory nerves, 214
Sepsis, 327
Serpiginous ulcer, 302
Serratia marcescens, 100
Serum retinol, 357
Seventh cranial nerve, 102
Severe photophobia, 312
Shigella species, 175
Shimmer sign, 199
SICS, 280
Side port incisions, 124, 126, 255
Silicone hydrogel lenses, 286
Silicone oil injection, 128
Simcoe aspiration cannula, 127

Simple limbal epithelial transplantation 
(SLET), 231

Single-piece IOL, 239
Sinskey hook, 199
Sirolimus, 269
Sjogren syndrome, 285
Skin allergies, 61
Skin eruptions, 328
Skin rashes, 62
Skull base fracture, 64
Slit lamp, 50, 268

biomicroscope, 50, 56
examination, 66, 96

Small-incision lenticule extraction (SMILE), 
191, 197

Small perforations, 164
Smoking, 275
Snellen’s chart, 62
Snow blindness, 96
Sodium ascorbate 10%, 225
Sodium ascorbate 20%, 53
Sodium citrate 20%, 53
Sodium citrate drops, 209
Sodium hyaluronate, 246
Sodium hydroxide (NaOH), 35
Soft contact lens, 243, 288
Species, 247
Sphincter pupillae muscle, 68
Sports related injuries, 368
Squamous metaplasia, 358
Staining dyes, 242
Staphylococcus, 146, 349
Staphylococcus aureus, 175
Staphylococcus epidermidis, 37, 128
Stem cells, 230, 286
Sterile corneal melts, 66
Sterile infiltrates, 295
Sterilization, 345
Steroid induced glaucoma, 244
Steroids, 51, 61, 76, 344
Stevens-Johnson Syndrome (SJS), 13, 42, 61, 

76–77, 285
Stitch abscess, 80
Stomatitis, 325
Strabismus, 339
Streptococcus species, 128, 201, 250, 349
Streptococcus pneumoniae, 146
Stroma, 64–66, 275, 302, 347
Stromal air injection, 240
Stromal corneal vascularisation, 119
Stromal edema, 72, 99, 222
Stromal infiltrates, 74, 82, 95, 295
Stromal infiltration, 82, 146
Stromal keratitis, 154, 181
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Stromal keratocytes, 9
Stromal lamellae, 317
Stromal matrix, 333
Stromal melt, 76, 303
Stromal necrosis, 65, 299
Stromal neovascularisation, 260
Stromal oedema, 205, 263
Stromal opacity, 209
Stromal puncture, 104, 316
Stromal rejection, 260
Stromal scars, 65, 77, 195, 247
Stromal ulceration, 76
Stromelys, 226
Subconjunctival haemorrhage, 63, 64
Subconjunctival injection, 121
Subepithelial infiltrates, 263
Subepithelial nerve plexus, 87
Subepithelial rejections, 267
Subluxated lens, 116
Subluxation, 67
Sub-Tenon’s injections, 252
Suction ring, 192
Sulcus, 128
Sulfasalazine, 305
Sulfonamides, 42, 326
Sulfurhexafluride (SF6), 255, 317
Sulfuric acid, 36, 214
Sulphur hexafluoride, 314
SUN classification system, 67
Super glue, 36
Superficial punctate keratitis, 64, 70
Superficial punctate keratopathy, 244
Superficial vascularization, 316
Suppurative keratitis, 188
Suprachoroidal hemorrhage (SCH), 239, 279
Supra-descemetic fluid, 342
Surface immunoglobulin A, 226
Surgeries, 339

emergencies, 32
incision, 239
pupilloplasty, 243

Suture-fixation, 347
Sutures, 61, 94, 319, 342

abscess, 245
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