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ABSTRACT 

Diseases affecting the cornea are a major cause of blindness worldwide and corneal 

transplantation remains the primary method of visual rehabilitation in this context. Cornea 

transplantation is the most commonly performed transplantation procedure in New Zealand. 

However, no reliable data are available on the medium term outcomes of corneal 

transplantation in New Zealand and there is a dearth of major studies in the international 

literature.  

 

The aim of this research was to provide a portrait of our unique New Zealand/Aotearoa 

population and its experience with corneal transplantation. Specifically, data analyses were 

performed to measure graft survival and visual outcome following corneal transplantation, 

and to investigate risk factors for corneal graft failure. 

 

The New Zealand National Eye Bank records were analysed for the decade 1st January 2000 

to 31st December 2009 inclusive. Detailed clinical data were obtained for a total of 941 

corneal transplantation procedures; 834 penetrating keratoplasty, 73 deep anterior lamellar 

keratoplasty, 28 endothelial keratoplasty, and 6 patch grafts. 

 

The overall 2-year survival rate (87.9%) identified in this study was comparable to that of 

other survival rates reported in the literature. The two year graft survival rate was highest 

(95.6%) in patients with keratoconus. Six independent risk factors were found to be 

associated with an increased risk of graft failure on multivariate analysis; younger recipient 

age, preoperative best corrected visual acuity (BCVA), indication for corneal 

transplantation, previous contralateral graft, number of rejection episodes, and episodes of 

loose sutures.  

A BCVA of 6/12 or better was achieved by 58.7% of eyes with penetrating keratoplasty, and 

69.6% achieved 6/18 or better. Visual acuity improved by 2 lines or more in 67.0% of eyes 

with surviving penetrating keratoplasty, with 25.1% improving by 2-4 lines, 33.8% by 5-10 

lines, and 8.1% by more than 10 lines. 

This research, involving a total of 941 procedures, provides new knowledge and new insights 

into corneal transplantation in the Auckland region. 
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1.1 MICROSCOPIC CORNEAL ANATOMY 

The cornea is a transparent, avascular, dome-shaped structure located at the anterior portion 

of the eye (Figure 1.1a). Its highly specialised structure confers the dual qualities of clarity 

and tensile strength. Good quality visual acuity is dependent on uniform corneal shape and 

transparency, as well as the integrity of the micro structural organisation and physiology of 

the cellular elements of the cornea.2 The cornea also serves to contain intraocular pressure, 

and forms a protective interface between the delicate structures of the eye and the external 

environment.3 With an approximate surface area of 1.32 cm2, the cornea constitutes one sixth 

of the surface area of the globe.4  The anterior surface of the human cornea is elliptical; the 

average horizontal diameter of the adult human cornea is 11.7mm compared with a mean 

vertical diameter of 10.6mm.5 

 

 

In contrast, the posterior surface of the cornea is circular with a mean diameter of 11.7mm. 

The thickness of the cornea is greatest in the periphery (approximately 700 µm) and tapers to 

its thinnest point in the centre (approximately 544 µm, range 440 to 650 µm).4 The radius of 

curvature is not homogenous throughout the cornea, being flatter in the periphery and steeper 

centrally. This prolate contour translates into an aspheric optical system2 with the ability to 

compensate for spherical aberrations induced by larger pupil sizes.4 In addition, the rate of 

change in contour is not uniform throughout the cornea but increases steeply with increasing 

distance from the central cornea.6 Slit lamp images of the cornea are provided in Figure 1.1b. 

Figure 1.1a Cornea and basic eye 

anatomy, highlighting the 

relationship of the cornea to 

anterior segment structures, 

including: iris, lens and anterior 

chamber angle. (Courtesy MD 

Image Database, accessed via 

Philson Library, University of 

Auckland) 
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Figure 1.1b Slit lamp images of the normal cornea from side and front  

Function and Form 

The cornea constitutes the principle refractive element of the eye and possesses two key 

optical properties; refractive power and transparency. These properties allow light refraction 

and transmission, respectively. 4 

Light Transmission 

The human cornea transmits almost all light in the visible and infrared spectrum up to a 

wavelength of 2500nm.7 A small proportion however is scattered in a wave-length dependent 

manner, with ultra-violet light being the most affected.8  

The precise mechanism for corneal transparency remains an enigma despite extensive 

investigations by the scientific community.9 Though a consensus has yet to be reached, 

corneal transparency is thought to be a product of the transparency of cells that populate the 

cornea, and the regular lattice-like organisation of collagen fibrils in the corneal stroma.4,10 

Most modern theories pivot around the concept that destructive interference of scattered light 

counteracts the minor, though cumulative, light scattering of individual fibrils.11  Moreover, 

light scatter is also minimised due to the thinness of the cornea as an optical structure.11 

Pathological changes which result in corneal oedema or scarring result in loss of corneal 

transparency through alterations in the regularity of the alignment of collagen and light 

scattering characteristics of keratocytes.4  

Light Refraction 

Refraction is defined as the change in direction of light when its passes at an oblique angle 

from one transparent medium into another of different optical density.12 Refraction is 

described by Snell’s law which states that the incident ray, refracted ray, and the normal all 
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lie in the same plane and that the angles of incidence (θi), and refraction (θr) are related to the 

refractive index of the media (n) concerned by the equation: 

sin 𝜃 𝑖

sin 𝜃 𝑟
=

𝑣𝑖

𝑣𝑟
=

𝑛2

𝑛1
 

Θi = Angle of incidence 

Θr = Angle of refraction 

vi = Phase velocity of the incidence ray  

vr = Phase velocity of the refracted ray 

n1 = refractive index of the first media 

n2 = refractive index of the second media 

Formula 1.1a Snell’s Law of Refraction 

Therefore, light is deviated toward the normal on entering an optically dense medium from a 

less dense medium. 

Light passing across a curved interface between two media of different refractive indices 

obeys Snell’s law.12 A convex spherical curved surface causes parallel light to converge to a 

focus if the refractive index of the second media (n2) is greater than the refractive index of the 

first media (n1), or to diverge as from a point of focus if n2 is less than n1. 

The refracting (vergence) power of such a surface is measured in dioptres (D) and is given by 

the formula: 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑝𝑜𝑤𝑒𝑟 =
(𝑛2 − 𝑛1)

𝑟
 

n1 = refractive index of the first media 

n2 = refractive index of the second media 

r = radius of curvature of the surface in metres 

Formula 1.1b The refracting power of a surface 

On average, the total dioptric power of the central 4.0 mm of cornea constitutes 42.4 ± 1.5 

diopters (D) (range 38.4 to 46.3D) of the eye’s total dioptric power of 60 D.4,13 Simulated 

keratometry measurements describe corneal curvatures in the central 3.0 mm zone, and 
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therefore obtain higher average readings.   Corneal refractive power is chiefly governed by 

corneal curvature.4 The corollary is that irregularities in corneal curvature and contour, 

especially in the pupillary zone, translate into optical aberrations.  

Both the intrinsic biomechanical structure and the extrinsic environment play a role in 

moulding the shape of the cornea. Histological studies suggest that maintenance of corneal 

curvature is primarily achieved through the specialised architecture of the anterior stroma.14-16 

Anterior stromal stability is ascribed to the preferred orientation of collagen lamellae17,18 into 

undulating and interwoven collagen bundles, in contrast to the orthogonal lamellar 

arrangement found in the mid and posterior stroma.19,20 

Disease states which undermine the exquisite, regular, configuration of the cornea have 

ramifications for both the visual and structural functions of the eye. 
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1.2 MICROSCOPIC CORNEAL ANATOMY 

The cornea is arranged in five structurally and functionally distinct layers; epithelium, 

Bowman’s layer, corneal stroma proper, Descemet’s membrane, and endothelium (Figure 

1.2a).21 Epithelial cells, stromal keratocytes and endothelial cells are the three major cell 

types comprising the cornea.4 Langerhans cells are located in the peripheral epithelium, and a 

few interstitial dendritic cells are present in the central and peripheral stroma. The layers of 

the cornea vary greatly in their regenerative capabilities. 

 

Figure 1.2a Histology cross-section of the cornea stained with haematoxylin and eosin, 

demonstrating the five basic layers (Courtesy of Associate Professor DV Patel) 

Corneal Tear Film 

The pre-corneal tear film forms part of the ocular surface functional unit which includes: 

corneal and limbal epithelium, conjunctival epithelial and goblet cells, meibomian and 

lacrimal glands, and the muco-epidermal junction of the lid.22 The components of the 

functional unit interact to maintain the refractive quality of the ocular surface, and to protect 

the eye against a variety of microbial and environmental insults. The various structures of the 
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functional unit are in anatomic continuity and share feedback mechanisms which allow 

synchronised reactions to a single stimulus.22 The tear film is the most dynamic component of 

the functional unit. 

The tear film is considered a metastable structure comprising largely of mucin, aqueous and 

lipid components. Enzymes, proteins, immunoglobulins, various metabolites, and exfoliated 

epithelial debris are also present. The components of the tear film work in concert to provide 

stable optical function.22,23 Any alterations to the quality or quantity of the tear film 

undermine the delicate homeostasis.23  

The precise functional architecture of the pre-corneal tear film remains controversial.22 The 

original concept of a tri-laminar tear film (inner mucin, intermediate aqueous and outer lipid 

layers)23 has been challenged by evidence of a bi-laminar structure. The bi-laminar model is 

conceived as an overlying lipid layer which forms an interface between the external 

environment, and an aqueous-mucin gel, in which the mucins have a decreasing gradient of 

concentration from the epithelium to the tear surface.24  

Components of the Tear Film 

Mucin Component 

The mucin layer is produced by conjunctival goblet cells, and conjunctival and corneal 

epithelial cells. It has several roles including facilitating tear film spread and protecting the 

cornea against shearing forces during blinking. It is also essential for ocular surface wetting.22 

 Aqueous Component 

The aqueous layer is quantitatively the most important, and is produced by the main and 

accessory lacrimal glands.22 The aqueous component is responsible for carrying nutrients and 

oxygen to the cornea, and allowing cell movement across the ocular surface. In addition, the 

aqueous layer has a protective function in flushing away epithelial debris, toxic elements and 

foreign bodies.22 

Lipid Component 

The lipids of the tear film largely originate from the meibomian glands.25 The lipid layer has 

two main functions; preventing tear evaporation and enhancing the stability of the tear film. 
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Epithelium 

The external surface of the cornea is covered by a stratified, squamous, non-keratinised 

epithelium of surface ectoderm origin. 26 The corneal epithelium is composed of 4 to 6 layers 

and its total thickness measures approximately 40 to 50 µm.27 As the outermost layer of the 

cornea, the epithelial cells provide the first line of defence against the invasion of pathogens 

and restrict the passage of water from the tears into the stroma.  

The most superficial corneal epithelial cells are long thin polygonal cells, measuring 40-60 

µm in diameter.28 Desmosomal attachments and tight junctions between adjacent cells furnish 

the epithelium with mechanical stability and provide a barrier property against the invasion of 

pathogens and the uptake of surplus fluid.2,29  Surface cells exhibit surface microvilli and 

microplicae which increase surface area and the uptake of oxygen and nutrients, and are 

postulated to enhance the stability of the tear film.30  

 

The second epithelial layer is 2 to 3 cells deep and consists of supra-basal or wing cells, so 

called for their thin, wing-like extensions. 2 These cells are less flat than their superficial 

counterparts but are similarly characterised by tight intercellular junctions.  

 

 The innermost stratum is formed by a single cell layer of columnar epithelial cells. Amongst 

the three layers of the epithelium, the basal layer is unique in containing cells capable of 

undergoing mitosis.31 Basal cells are the source of wing and superficial cells. The lateral 

borders of adjacent basal cells inter-digitate and the cells are connected to one another by 

desmosomes and gap junctions.30 Basal cells are anchored to the underlying basement 

membrane through a complex of hemidesmosomes, type VII collagen anchoring fibrils and 

plaques.2 

 

The basement membrane is composed of type IV collagen and laminin secreted by the basal 

cells. It is strongly adherent to the underlying Bowman’s layer2 and functions as a scaffold 

for epithelial cell migration and attachment. 4 This layer is approximately 0.05 µm thick.2 

 

The barrier functions of the epithelium impose a mandate for rapid and effective regeneration 

in the event of structural disruption. Following epithelial abrasion, mitosis ceases, and 

epithelial cells enlarge and migrate centripetally by amoeboid movement to cover the defect.2 
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Mitosis resumes following wound closure restoring the epithelium to its normal 

configuration. 

 

Bone-marrow derived immune cells are found in the basal cell epithelial layer of the 

peripheral cornea, limbus and conjunctiva.4 These antigen presenting cells have traditionally 

been called Langerhans cells, and have a high constitutive expression of major 

histocompatability complex (MHC) type II antigen and co-stimulatory molecules.4 More 

recently, ‘immature’ Langerhans cells have been demonstrated in the central cornea. They 

have a low constitutive expression of MHC type II antigen and co-stimulatory molecules.4  

 

Bowman’s Layer 

 

Bowman’s layer is an acellular condensation of the anterior stroma which rests between the 

epithelial basement membrane and the anterior stroma.2 Measuring 10 to 16 µm thick, the 

layer is composed of randomly interwoven collagen fibrils.32 Researchers have hypothesised 

that the layer forms as result of cytokine-mediated interactions between the stroma and the 

epithelium.33 Bowman’s layer does not have any regenerative capacity and may form a scar 

when disrupted.2 The function of Bowman’s layers remains unknown.  

 

Corneal Stroma 

 

The corneal stroma is a collagenous tissue which constitutes around 90% of the total 

thickness of the cornea 9 and provides its major structural framework. Water is the 

predominant constituent (3.5 gram H2O/gram dry weight) and is stabilised by an ordered 

structural configuration of insoluble and soluble extracellular and cellular substances.4  The 

dry weight of the stroma is composed of collagen, keratocytes, proteoglycans, corneal nerve 

constituents, glycoproteins and salts. 34,35 Type I collagen is the major component though 

Types III, V, VI, XII and XIV are also found in lesser quantities.4 

 

Individual collagen fibres are arranged in parallel bundles called fibrils. Collagen fibrils 

compose the bulk of the stromal extracellular matrix, and are arranged in a parallel lamellar 

fashion.36 The human corneal stroma contains approximately 200 lamellae centrally, and 

approximately 500 lamellae peripherally. 36 The lamellae in the anterior stroma are angled at 

less than 90 degrees compared with the orthogonal arrangement found in the posterior 
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stroma.36 The collagen fibrils are enmeshed in a bed of proteoglycans and glycoproteins 

which help regulate hydration and support structural properties.2 

 

Stromal homeostasis is maintained by the presence of keratocytes which produce the 

components of the extracellular matrix; collagen, proteogylcans, glycoproteins.  Keratocytes 

are the major cell type of the extracellular stroma, and make up the second major (dry 

weight) component of the cornea stroma.4 Approximately 2.0 to 3.5 million keratocytes 

reside in the human cornea with the greatest density occurring in the anterior stroma.37 

Keratocytes communicate with one another through gap junctions on their long dendritic 

processes.38 

 

Embryologically, the stroma is formed in the seventh week of gestation by a second wave of 

neural crest migration between the primitive epithelium and endothelium26. The corneal 

stroma has moderate regenerative capacity. Stromal wound healing may be divided into three 

phases; repair, regeneration and remodelling.2 

 

Dua’s Layer 

A research group from the University of Nottingham has recently demonstrated a novel pre-

Descemet's  acellular layer (Dua’s layer) in the human cornea.39  Dua’s layer, measuring 

10.15 ± 3.6 µm, is composed of 5 to 8 lamellae of predominately type-1 collage bundles 

arranged in transverse, longitudinal and oblique directions.39 However, although widely 

promulgated, the genuine nature of this layer in the normal cornea is subject to ongoing 

debate and has yet to be confirmed by other researchers. 

Descemet’s Membrane 

 

Descemet’s membrane is the specialised basement membrane of the corneal endothelium and 

is primarily composed of Type IV collagen fibrils. It is divided into two distinct layers; an 

anterior banded layer and a posterior non-banded layer.2 The anterior banded layer is secreted 

by the endothelium during foetal development and consists of a regular banded pattern of 

collagen measuring approximately 3 µm thick.2 The posterior non-banded layer is formed by 

continual endothelial cell secretions throughout life and has an amorphous ultrastructural 

texture.2 In contrast to Bowman’s layer, Descemet’s membrane is able to regenerate 

following injury. 
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Endothelium 

The endothelial layer of the cornea preserves corneal transparency by ensuring a state of 

relative deturgescence.2,40  The neural-crest derived hexagonal endothelial cells26 are 

arranged in a honeycomb-like mosaic and form a monolayer approximately 4-6 µm thick 

(Figure 1.2b).2  Extensive lateral inter-digitations are observed between adjacent cells and 

tight junctions are found between their lateral borders.2  A high density of Na+, K+ - ATPase 

pump sites are present in the lateral membranes.41 Adhesion to the overlying Descemet’s 

membrane is mediated by hemidesmosomes on the basal surface of the endothelium.2 

 

 

Figure 1.2b In vivo confocal microscopy (Confoscan 4) image of the corneal endothelium of 

a 22 year old female demonstrating the regular hexagonal array of corneal endothelial cells 

 

The equilibrium between nutrients entering the cornea and the maintenance of a relatively 

deturgescent state is mediated by the activity of the endothelial cells.40 This dehydration 

(75% water content)2 is controlled by a pump-leak process as fluid from a relatively hypo-

osmotic stroma egresses passively down the osmotic gradient toward a relatively hypertonic 

aqueous humor.2 The creation of this osmotic gradient is an energy-dependent process 

involving membrane bound ion transporting systems which create a net flux of ions from the 

stroma to the aqueous humor.2 The membrane bound Na+ and K+-ATPase systems and the 

intracellular carbonic anhydrase pathway are the most important ion transport systems.41 The 

passage of nutrients from the aqueous humor into the avascular cornea is achieved by the 

presence of a ‘leaky’ barrier,2 which prevents the bulk flow of fluid but permits the moderate 

diffusion of small nutrients, water and other metabolites.4 
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Endothelial pump function correlates with both the density and morphology of endothelial 

cells.2 Human endothelial cells are thought to have no regenerative capacity in vivo.2 This 

absence of mitotic activity is accommodated by the presence of significant reserves at birth. 

The number of endothelial cells gradually declines throughout life at a rate of 0.6% per year42 

from a baseline of approximately 3500 cells/mm2 at birth.43 Corneal decompensation 

typically occurs when the endothelial cell count falls below 500 cells/mm2.2 There is a 

corresponding decline in the number of hexagonal cells from approximately 75% in the 

second decade to 60% in the eighth decade.43 As the number of endothelial cells decreases, 

remaining cells increase in size to fill the space of degenerated cells. This results in the 

surviving cells variably growing in size (polymegathism) and losing their hexagonal shape 

(pleomorphism). Endothelial polymegathism and pleomorphism are independently associated 

with impaired pump function.2,44 

Limbus 

The limbus is a transitional zone between the peripheral cornea and the anterior sclera. It may 

be subdivided into two anatomical zones: the corneal limbus at the internal edge and the 

scleral limbus at the external edge.3 The corneal limbus is demarcated centrally by a plane 

connecting the end of Bowman’s layer and the termination of Descemet’s membrane.3 The 

scleral limbus is less clearly distinguished by another plane perpendicular to the surface of 

the eye, approximately 1.5mm posterior to the termination of Bowman’s layer.3 

As the corneal epithelium approaches the limbus, the epithelial cells are thrown into radially 

oriented folds by the sub-epithelial connective tissue.30 These folds are known as the 

palisades of Vogt and greatly increase the surface area of the basal cells. Blood vessels and 

lymphatics are present in the connective tissue within the folds.30 

The Limbal Stem Cell Hypothesis 

 

The ocular surface is composed of two distinct epithelial cell populations, constituting the 

corneal and conjunctival epithelium. Although in anatomic continuity at the corneo-scleral 

limbus, they represent functionally and phenotypically distinct subpopulations.45  

The corneal epithelium exists in a state of dynamic equilibrium between cellular loss and 

cellular replacement (Figure 1.2c). Ultimately, stem cells are considered responsible for 

cellular replacement and tissue regeneration.45 Potten and Loeffler defined stem cells by their 
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functional attributes as “undifferentiated cells capable of a) proliferation, b) self-maintenance, 

c) producing a large number of differentiated, functional progeny, d) regenerating tissue after 

injury, and e) flexibility in the use of these options.”46 Currently, methods for identifying 

corneal epithelial stem cells are indirect and progress in this field is frustrated by the absence 

of a definitive molecular marker.47  

 

Figure 1.2c  The role of the limbus in epithelial wound healing according to the stem cell 

hypothesis. Stem cells (SC) for the corneal epithelium reside in the basal cell layers at the 

limbus, where they divide forming replica of themselves and transient amplifying cells 

(TAC). TAC undergo further mitosis and differentiation and centrally and more superficially. 

Key: SC, stem cells; TAC, transient amplifying cells; TDS, terminally differentiated cells; 

PMC, post mitotic cells. (Courtesy MD Image Database, accessed via Philson Library, 

University of Auckland) 

The specialized microenvironment of the limbus is the purported repository for stem cells 

involved in corneal renewal and repair.45 The homeostasis of the cornea is believed to be 

dependent on the dual roles of the limbus; first in harbouring epithelial stem cells in a 

specialised niche and secondly in providing a barrier function against the encroachment of 

the conjunctival epithelium on to the corneal surface.45,48 

Davanger and Evensen in 1971 were the first to suggest the role of the limbus as a 

“generative organ for the corneal epithelial cells”.49 In 1983, Thoft and Friend proposed the 
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X, Y, Z hypothesis of epithelial maintenance; epithelial mass is sustained by the equilibrium 

between vertical (X) and lateral (Y) proliferation, and cell loss from the surface (Z).50  

The tenet that the limbus is the residence of corneal stem cells is supported by numerous 

clinical and laboratory studies.51-56 However, it is important to note that definitive proof is 

lacking.  

The current evidence supporting the limbal location of stem cells can be summarised as 

follows:45 

1) The least differentiated cells of the corneal epithelium are found in the limbal basal 

epithelium. 

2) Cells in the limbal basal epithelium exhibit proliferative characteristics of stem cells. 

3) Limbal deficient corneas manifest with conjunctivalisation, vascularization, 

subepithelial scarring, symblepheron formation, and an unstable ocular surface. 

4) The limbal location of corneal epithelial stem cells may explain the relative 

preponderance of limbal neoplasms compared with corneal epithelial tumours. 

5) Mathematical kinetic analysis confirms that the maintenance of the corneal epithelial 

mass can be achieved solely by cellular proliferation originating from the limbus. 

 

It is important to note that there is no definitive proof that the limbus is the sole source for 

epithelial renewal, nor is there conclusive evidence supporting the XYZ hypothesis. In a 

series of excimer laser ablation experiments, Chang et al demonstrated that central and 

peripheral epithelial recovery remains equal even after ablation of the limbus.39  

 

Corneal Nerves 

The cornea is richly supplied by sensory and autonomic nerve fibres, and is established as 

one of the most densely innervated and most sensitive tissues in the body.57 Corneal nerves 

and sensation are supplied by the nasociliary branch of the ophthalmic division of the 

trigeminal nerve by means of the anterior ciliary nerves and the nerves of the surrounding 

conjunctiva.57 Nerve bundles enter the peripheral mid-stroma in a radial pattern and form 

plexiform arrangements innervating the anterior and mid stroma and subsequently form a 

sub-epithelial nerve plexus (Figure 1.2d).2  
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Branches from the nerves in the anterior stroma perforate Bowman’s layer throughout the 

central and peripheral cornea to provide a rich plexus beneath the basal epithelial layer.58 

This configuration of sub-basal nerve plexus supplies the overlying corneal epithelium.  

 

 

The high density of neural structures protects the cornea by providing exquisite sensitivity to 

detect stimuli of even small magnitude.59  The corneal nerves also have a trophic role and are 

integral in regulating corneal epithelial integrity, proliferation and wound healing.60 

Preservation of blinking and tearing reflexes is dependent on a reflex arc that includes intact 

corneal innervation.59 Interruption of corneal innervation impedes the maintenance of a 

healthy cornea and may lead to delayed wound healing, decreased mitotic rate, increased 

permeability, poor tear film, modified epithelial structure and impaired cell attachments.59 

Corneal Blood Supply 

The cornea is an avascular tissue which acquires nutrients by diffusion from surrounding 

fluids; the tear film, interstitial fluid (derived from the peri-corneal vasculature), and the 

aqueous humor.61 Oxygen is predominantly sourced from air across the tear film, and diffuses 

through the epithelium and stroma to the endothelium. Very little oxygen is derived from the 

aqueous and iris vasculature.61 The energy requirements of the cornea are primarily met 

through the metabolism of glucose.61 The aqueous humor is the major source of glucose 

though glycogen stores are also found within the cells themselves.62 

 

Figure 1.2d The configuration of 

the human corneal epithelial sub-

basal nerve plexus. (Courtesy MD 

Image Database, accessed via 

Philson Library, University of 

Auckland) 
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The maintenance of the avascular state of the cornea is known as ‘angiogenic privilege’. 

However, the mechanism responsible for establishing this avascular nature remains 

unknown.61 Pathological states can undermine angiogenic privilege thereby permitting 

stromal invasion by abnormal, leaky, blood vessels with resultant loss of corneal 

transparency.63 

 

Corneal Lymphatics 

 

The lymphatic system forms part of the circulatory system and is composed of a network of 

conduits called lymphathic vessels. It has two primary functions; the drainage of excess 

extracellular fluid from capillary beds back to the systemic blood circulation, and the capture 

of antigen for presentation to the immune system in the lymphoid compartment.64 The 

lymphatic system has a prime role in immune surveillance.65 

 

The field of lymphatic research is in a state of evolution and recent advances have revealed 

the existence and possible role of lymphatics and lymphangiogenesis in the eye.66 Early 

studies using enzyme histochemistry identified lymphatic capillaries only in the 

conjunctiva.67 More recent studies suggest that lymphatic vessels are also present in the 

corneal limbus, ciliary body, lacrimal gland, orbital meninges, and that the choroid might 

have a lymphatic-like system.66 However, the lens and (normal) cornea are devoid of 

lymphatic vessels, and both antiangiogenic and antilymphangiogenic factors are thought to 

make an early and strong expression in the developing human cornea.68  

Although evidence implies the existence of an important functional lymphatic drainage 

pathway for intraocular antigens,69 the exact details of lymphatic outflow from the eye remain 

unclear. The discovery of lymphatic channels in the ciliary body has led to the hypothesis of 

an ‘uveolymphatic’ pathway for the drainage of fluid from the anterior chamber of the eye.69 

Experimental models indicate drainage into cervical, retropharyngeal, submandibular and 

pre-auricular lymph nodes in the head and neck region.69 
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CHAPTER 2 

 

Overview of Corneal Transplantation 
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2.1 HISTORY OF CORNEAL TRANSPLANTATION  

Introduction 

The evolution of transplantation can be traced from ancient mythology, through early 

Christian writing to the modern era. Each cell and organ-defined branch of transplantation 

also has its own unique history,70 and the chronicles of corneal transplantation weave in and 

out of the main story of organ transplantation. The word “graft” is a metaphoric derivation of 

the Greek graphion meaning writing implement or stylus.71 The metaphor was established in 

the late 15th- century through the observation that two artificially united plant stems 

resembled a writing stylus. The original sense of the word refers to the insertion of a plant 

part into a living plant. The medical application of the word is a late 19th-century 

development.  

Before Modern Times: From Myth to Theory 

Figure 2.1a Depiction of a chimaera on an 

Apulian red-figure dish, 350-340 BC. 

Department of Greek, Etruscan and Roman 

Antiquities; Louvre Museum. © Marie-Lan 

Nguyen / Wikimedia Commons  

The ancient Greeks conceived of 

transplantation albeit in the form of mythical 

monsters woven from the various parts of 

different animals. The most spectacular of 

these creatures was the chimaera; a fire 

breathing creature composed of the body 

and head of a lion, a dragon’s tail and the 

head of a goat arising from the centre of the spine (Figure 2.1a). The earliest known literary 

reference to the chimaera appears in Homer’s Iliad.  

“First, dire Chimaera’s conquest was enjoin’d; A mingled monster of no mortal kind! 

Behind, a dragon’s fiery tail was spread; A goat’s rough body bore a lion’s head; Her 

pitchy nostrils flaky flames. “ 

Homer, The Iliad.72 
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The term chimaera has passed into modern transplantation nomenclature to denote an 

organism of diverse genetic constitution. Interestingly, the term chimaera has also come to 

mean a fantastical delusion.71  

The first description of human organ transplantation appears in ancient Chinese texts dating 

from the 4th century BC. The eminent Chinese surgeon, Tsin Yue-Jin is reported to have 

exchanged the hearts of two soldiers; one endowed with a strong will but a weak spirit and 

the other conversely afflicted.   

The original concept of corneal transplantation is attributed to the Greek physician Galen 

(130-200 AD).73 Generally considered the founder of experimental physiology, Galen 

proposed abrasio cor’naea (precursor of superficial keratectomy) as a means of restoring 

corneal transparency. However, there are no reports of Galen actually attempting this 

procedure.74  

The patron saints of physicians and surgeons, twin brothers Cosmas and Damian are credited 

with performing human transplantation in the 3rd Century AD.75 These early Christian 

martyrs were known as Аνάργυροι (literary the silverless) as they practised medicine without 

fee according to their beliefs. Their most famous exploit, popularly depicted in paintings, 

involved the transplantation of a leg from a 

recently deceased Ethiopian soldier to 

replace the ulcerated leg of an elderly 

parishioner. The divine prerogative of 

transplantation continued with the account 

of Saint Lucy (283-304 AD); the patron 

saint of ophthalmology (Figure 2.1b).  

According to the legend, Saint Lucy plucked 

out her beautiful eyes in order to escape 

unwelcome attention from an undesirable 

suitor. Her virtue was rewarded with the 

restoration of her sight with a pair of even 

more lovely eyes.  

 

Figure 2.1b Saint Lucy – Patron Saint of 

sight and sufferers of eye disease 
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The most famous incarnation of Saint Lucy is in Dante’s Divine Comedy. Plagued himself by 

poor eyesight, it is thought that Dante may have viewed Saint Lucy as his personal patron 

saint. 

“On her lov’d daughter, that with moveless eye, 

She chants the loud hosanna: while oppos’d  

To the first father of your mortal kind,  

Is Lucia, at whose hest thy lady sped 

When on the edge of ruin clos’d thine eye.” 

Dante, The Divine Comedy. Paradise Canto XXXII76 

From Theory to Practice 

 

“Could not a small piece of cornea be cut out by a kind of trephine, about the size of a 

thick bristle, or a small crow quill, and would it not heal with a transparent scar?” 

 

Eramus Darwin, Zoonomia, or, the laws of organic life77 

 

In the 17th Century, the alchemy from myth to theory began with the work of the Dutch 

microbiologist Antonie van Leeuwenhoek and his microscopic observations of the cornea.73  

The first description of a keratoprosthesis is attributed to the French surgeon Guillaume 

Pellier de Quengsy. (Figure 2.1c) 78 During the French Revolution in 1789, he published the 

first monograph dedicated to ophthalmology. In this work, he suggested that a transparent 

material could be used to replace an opaque cornea in order to restore vision. Eramus Darwin 

(Grandfather of Charles Darwin) proposed the first trephine in 1796, and postulated that the 

cornea might heal by secondary intention to form a ‘transparent scar’.77  

 

Progress in corneal transplantation was given impetus by an epidemic of blinding Egyptian 

ophthalmia (trachoma) which ravaged Europe early in the nineteenth century.79 British and 

French soldiers engaged in the Egyptian campaigns of the Napoleonic wars (1789 – 1799) 

contracted the disease and subsequently introduced it into the ‘crowded tenements of Europe’ 

on their return from service. This disease was responsible for the establishment of 

ophthalmology as the first of the surgical subspecialties and provided the stimulus for the 

foundation of Moorfields Eye Hospital in 1817.79 
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Figure 2.1c Guillaume Pellier de Quengsy  

 

Experimentation in corneal transplantation did not begin until the nineteenth century.73 In 

1813, Karl Himley (1772-1837) was the first to suggest that transplanted corneas from other 

animals could be used to replace opaque animal corneas.73 However, it was his student, Franz 

Reisinger (1768-1855), who initiated experimental animal corneal transplantation in 1818.80 

He coined the term keratoplasty and in 1824 suggested the use of animal tissue to replace 

human corneas. Reisinger performed his experiments on hundreds of rabbits and chickens, 

excising the host cornea with a cataract knife and suturing the graft in place. Unfortunately, 

his experiments met with failure.  

 

A contemporary of Reisginer, Johan Dieffenbach (1792-1847), also experienced repeated 

failures in replacing entire corneas in a variety of animal species. He later described the idea 

as ‘one of the most audacious fantasies’ and remarked that it ‘would be the highest reward of 

surgery is this operation succeeded’.81  

 

In 1837, dwindling hope in the feasibility of the procedure was revived by the Irish surgeon 

Samuel Bigger who published a report describing his successful attempts at keratoplasty 
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(Figure 2.1d) .82 Bigger was travelling near Cairo in 1935 when a local war broke out and he 

was abducted for ransom by Bedouins.73 During his captivity, having his surgical instruments 

with him, he performed the first reported successful penetrating allograft in animals on a pet 

gazelle blinded by extensive corneal scarring. In his report he noted: ‘ The cornea was taken 

from another animal of the same species brought in wounded but not quite dead; adhesion 

took place and ten days after the operation, the animal gave unequivocal signs of vision, and 

the upper part of the transplanted cornea remained perfectly transparent.’82  

 

Unaware of the importance that Bigger had performed a within species allograft (gazelle to 

gazelle), this achievement inspired New York based ophthalmologist Richard Kissam to 

perform the first recorded therapeutic corneal xenograft on a human in 1838.83 The recipient 

was a young Irishman with perception of light visual acuity in his only functional eye. The 

donor was a six month old pig. Kissam removed the opaque cornea with a Beer cataract knife 

and attached the graft with two sutures placed at 3 and 9 o’clock. These sutures were 

removed after 36 hours. While there was ‘increased light perception’ in the immediate post-

operative period, the cornea opacified within the first fortnight and was absorbed within the 

first month. 

 

                                

Figure 2.1d Samuel Bigger and an Arabian gazelle  

 

For the remainder of the 19th Century, the pioneers of corneal transplantation were divided 

between those who favoured xenografts and those who favoured allografts. However, neither 

side of the argument had the advantage of an immunologic understanding of transplantation.   
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The German professor, Arthur von Hippel (1841-1916)73, who developed a number of graft 

instruments including a clockwork trephine,  advocated lamellar xenografts,  whereas the 

English ophthalmologist Henry Power84 favoured allografts. Power believed that allografts 

had ‘better matched thicknesses’ and was also the first to really understand the importance of 

allografts in terms of failure. These eminent ophthalmologists also disagreed on the ideal 

form of corneal transplantation. Von Hippel promoted lamellar grafts as he believed that 

corneal transparency depended on the integrity of the endothelium and Descemet’s 

membrane. Power, however favoured penetrating keratoplasty. 

 

The Modern Era 

In the modern era, corneal transplantation was the forerunner in developments of human 

organ transplantation. Indeed, the first successful human corneal transplant was performed in 

1905, and there was an interval of 49 years before the first successful solid organ (kidney) 

transplant;85 an aeon in the modern medical timeline. Like many achievements in medicine, 

progress in corneal transplantation was hindered by a lack of understanding of antiseptic 

principles, anaesthesiology, surgical technique and immunology.86,87 

 

Developments in the practical achievement of corneal transplantation are marked by the 

recognition and surmounting of these obstacles. Pivotal achievements include the 

development of anaesthesia in the late 19th Century, the publication of Lister’s principles of 

antiseptic surgery in 1867,88 the pioneering work by Medawar and Billingham in the field of 

immunology in the 1940s and 1950s,89,90 the recognition of the immunological phenomenon 

of corneal graft rejection by Paufique91 and later Maumenee,92 and the increasing availability 

of antibiotics in the 1940s and corticosteroids in the 1950s.73,93,94 The final ingredients were 

the introduction of nylon sutures by Ethicon specifically for keratoplasty in the 1960’s and 

the introduction of surgical microscopes into ophthalmology the late 1960’s and early 1970’s.  

 

The year 1905 marked the first successful human allograft performed by Eduard Zirm (1887-

1948) in Olmutz near Prague (Figure 2.1e).95 The recipient was 45 year old Alois Glagair; a 

farm labourer who had sustained severe bilateral alkali burns while cleaning out a chicken 

coop with lime sixteen months earlier. The living donor was an 11 year old boy whose eye 
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had been blinded by a penetrating injury to the sclera. The donor eye was enucleated prior to 

transplantation and the one cornea was used to provide two 5mm donor grafts.   

 

   

Figure 2.1e Eduard Zirm operating (right) and Alois Glogar (left) the recipient of the first 

successful corneal transplant.  

Although the graft in the right eye failed, the surviving graft in the left eye improved the 

patient’s visual acuity from counting fingers to 6/36 at six months. Zirm subsequently 

recommended  the following points for successful corneal transplantation; exclusive use of 

human corneas (preferably from young and healthy donors), use of the von Hippel trephine, 

deep anaesthesia, strict asepsis, overlay sutures, use of an AC maintainer, avoidance of 

touching tissue and placement of the graft between moist gauze for protection prior to 

transplantation.95 

 

 

Figure 2.1f Vladimir Filatov 

examining a patient, early 20th 

Century.  
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Since the first successful corneal transplant, innumerable ophthalmologists have contributed 

to the development and refinement of corneal transplantation. Their collective achievements 

allowed improved surgical methodology, technology and instrumentation, improved 

understanding of corneal biology and better control of rejection through anti-inflammatory 

agents. Three of these deserve special mention (Figures 2.1f and 2.1g). The Russian 

ophthalmologist Vladimir Filatov (1875-1956) first suggested the use of cadaver corneas ‘in 

the attempt to find a new source of transplant corneas if the serious difficulty of supply was 

to be overcome’.96 This idea was further developed by the American ophthalmologist Richard 

Paton who established the first eye bank in 1944.97 Another notable ophthalmologist is the 

Spanish Ramon Castroviejo (1904-1989) who conducted detailed studies of graft technique in 

the United States.98,99 He popularised the use of direct sutures, and was innovative in surgical 

instrumentation. Several modern instruments bear his name. Castroviejo was an enthusiastic 

and determined early pioneer of keratoplasty in the United States. Forewarned that the 

conclusion of the Symposium on Keratoplasty held at the annual meeting of the American 

Academy of Ophthalmology in 1950 would be that keratoplasty should not be recommended 

due to the high rate of failure and associated complications, Castroviejo hired a rail coach in 

New York to transport 100 post-operative keratoplasty patients to Chicago in order to 

demonstrate the success of the procedure. 

      

Figure 2.1g Ramon Castroviejo (right) and Dr Paton (left), performing one of the first 

corneal transplants in New York, 1937 
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The Future 

The major limitations of modern day corneal transplantation surgery may be telescoped under 

the following headings; paucity of donor tissue, graft rejection and failure, and variable visual 

and tectonic outcomes. Evolution in the field of corneal transplantation is therefore targeted 

towards overcoming these obstacles. 

 

Recent developments with the potential to transform corneal transplant surgery include: a 

revival of anterior and posterior lamellar techniques, the artificial or bioengineered cornea, 

the manipulation of corneal endothelial cells as a substitute for transplantation, and  the use of 

the surgical femtosecond laser.100 

 

Lamellar Keratoplasty 

 

Penetrating keratoplasty has traditionally been the treatment of choice for corneal 

opacification. In more recent years, there has been a renaissance of anterior and posterior 

lamellar techniques which selectively replace only the diseased layers of the cornea while 

retaining healthy layers.  

 

Bioengineered cornea 

 

The artificial or bioengineered cornea represents the “holy grail” of corneal transplantation; 

simultaneously nullifying the dual obstacles of donor tissue availability and immunological 

incompatibility. Ideally, the bioengineered cornea101 would begin as an acellular stromal 

scaffold with ex vivo colonisation of host endothelial cells, keratocytes and epithelium.73 The 

host cells would be modified to eliminate the original disease characteristics, thereby 

resulting in a disease-free bioengineered tissue which is genetically and therefore 

immunologically identical to the host. Mimics of corneal extracellular matrix have recently 

been used as an anterior lamellar corneal transplant.102 

 

Manipulation of corneal endothelial cells 

 

Recent advances in the understanding of the cell-cycle activation pathways of endothelial 

cells in vitro have allowed progress in human corneal endothelial cell culture. The 



28 
 

transplantation of cultured corneal endothelial cells has met with some success in 

experimental settings.103-108 In future clinical practice, cultured endothelial cells may be 

implanted either as a monolayer or by injection into the anterior chamber.100 Recently, an 

injection of endothelial cells combined with ROCK inhibitors, to enable endothelial cell 

replication, has been postulated (personal communication, Professor Shigeru Kinoshia, 

2014). 

 

Ophthalmic femtosecond lasers 

 

Ophthalmic femtosecond lasers are capable of creating precise cuts in the cornea with 

minimum collateral damage to surrounding tissue, and are being used to perform accurate 

corneal trephination for donor and recipients. The high degree of accuracy offered by the 

femtosecond laser may translate into better visual and tectonic outcomes though there are 

insufficient data to support this conjecture at present.100 

 

Conclusion 

From mythological and allegorical tales to reality, corneal transplantation is now established 

as the most common and indeed the most successful form of organ transplantation. Corneal 

transplantation continues to evolve and emerging techniques offer the potential of a truly 

customised personal transplant material within a generation.  

 

[The preceding section has been published in large part as – A brief history of corneal 

transplantation: From ancient to modern. Crawford AZ, Patel DV, McGhee CN. Oman 

Journal of Ophthalmology. 2013 Sep;6 (Suppl 1):S12-7.]109 
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2.2 CONDITIONS REQUIRING CORNEAL TRANSPLANTATION  

Introduction 

Corneal transplantation may be performed for a variety of reasons. The decision to proceed 

with corneal transplantation must evaluate the patient’s current and potential visual 

capabilities against the probability of a favourable outcome.110 The reasons for corneal 

transplantation may be conceptualised in three general categories: a) optical, b) 

tectonic/structural, c) cosmetic.111 Clinical indications refer to the disease process that has 

necessitated corneal transplantation. 

 

Optical indications 

Figure 2.2a Corneal scarring 

producing an optically 

compromised eye in a patient 

with keratoconus, Descemet’s 

membrane rupture, hydrops and 

corneal neovascularisation 

 

 

 

The optical properties of the eye are partly dependent on corneal shape and transparency. An 

opaque or diseased cornea obstructs the optical pathway from the external environment to the 

retina resulting in impaired vision. Variations in corneal shape (significant regular or 

irregular astigmatism) can produce an optically compromised eye that cannot be fully 

corrected with spectacles or contact lenses. Corneal transplantation for optical reasons aims 

to improve visual acuity. 110 Figure 2.2a shows an eye with extensive corneal scarring in a 

patient with keratoconus, Descemet’s membrane rupture, hydrops and corneal 

neovascularisation. 

Tectonic/structural indications 

Preservation of ocular anatomy and physiology are the principal indications for 

reconstructive or tectonic corneal grafts. In this context, visual rehabilitation is a relevant but 
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secondary consideration.112 Corneal thinning or corneal perforation, are common structural 

indications (Figure 2.2b).  

 

Figure 2.2b Slit lamp photograph of an eye with corneal perforation and iris plugging that 

subsequently required a tectonic corneal transplant (right) and a slit lamp photograph of an 

eye with a severe microbial keratitis unresponsive to optimal medical management that 

required a therapeutic corneal transplant (left). (Courtesy of Prof CNJ McGhee) 

Cosmetic indications 

Corneal transplantation may be considered to remove unsightly corneal scars or deposits.112 

However, cosmesis alone is generally not considered to be an acceptable indication for 

corneal transplantation because of the paucity of donor tissue and the availability of non-

surgical options. Preferred alternatives include: cosmetic contact lenses, corneal tattooing, 

chemical leaching or replacement of a non-seeing eye with a tailor made prosthesis.110  

Clinical Indications 

Clinical indications for corneal transplantation constitute the diseases for which corneal 

transplantation is performed.110 Both the Eye Bank Association of America and the 

Australian Corneal Graft Registry have developed a set of clinical indication categories for 

corneal transplantation (Tables 2.2a and 2.2b, respectively). These categories are important in 

identifying clinical trends both within and between regions, and provide useful, albeit 

secondary, information on the prevalence of some corneal diseases. 
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Eye Bank Association of America Clinical Indication Categories for Penetrating Keratoplasty 

1) Pseudophakic corneal oedema 

Pseudophakic bullous keratopathy 

Anterior chamber lens implant  

Iris Fixated lens implant 

Posterior chamber lens implant 

2) Aphakic corneal oedema 

Aphakic bullous keratopathy 

Vitreo-endothelial touch syndrome 

3) Stromal corneal dystrophies 

Granular / lattice/macular stromal 

dystrophy 

Central crystalline dystrophy of 

Schnyder 

Central cloudy dystrophy of François 

4) Primary corneal endotheliopathies 

Fuchs dystrophy 

Congenital hereditary endothelial 

dystrophy 

Posterior polymorphous dystrophy 

Iridocorneal endothelial syndromes 

5) Ectasias/ thinnings 

Anterior keratoconus 

Pellucid marginal degeneration 

Keratoglobus 

Posterior keratoconus 

6) Congenital opacities 

Peters’ anomaly 

Glaucoma/buphthalmos 

Aniridia 

Sclerocornea 

7) Viral/postviral keratitis 

Herpes simplex, Varicella-zoster  

Rubeola virus,  Adenovirus 

8) Microbial/postmicrobial keratitis 

Bacterial, Spirochete, Chlamydial, 

Fungal, Parasitic 

9) Optical/refractive 

Previous refractive surgery 

Ametropia, astigmatism 

 

10) Non-infectious ulcerative keratitis or 

perforation 

Keratoconjunctivitis sicca 

Neuroparalytic/neurotrophic keratopathy 

Exposure keratopathy 

Bullous oculocutaneous diseases 

Mooren’s ulcer 

Systemic vasculitides 

11) Corneal degenerations 

Terrien’s marginal degeneration 

Calcific band keratopathy 

Polymorphic amyloid degeneration 

12) Chemical injuries 

Alkaline, Acid, Petrochemical, Tear gas 

13) Mechanical trauma, non-surgical 

Traumatic opacity,  

Traumatic corneal oedema 

14) Regraft related to allograft rejection 

 

15) Regraft unrelated to allograft rejection 

Glaucoma, Microbial, Old and tired 

graft, Primary tissue failure, Vitreo-

endothelial touch 

16) Other causes of corneal opacification 

/distortion  

Uveitis, Glaucoma 

Other surgical/mechanical trauma 

 

Table 2.2a Eye Bank Association of America (EBAA) Clinical Indication Categories for 

Penetrating Keratoplasty 113,114 
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Australian Corneal Graft Registry Main Indications for Penetrating Keratoplasty 

1) Keratoconus 

Uncomplicated 

With hydrops 

Keratoglobus 

2) Bullous keratopathy 

Pseudophakic 

Aphakic 

Phakic pre-graft 

3) Failed previous graft 4) Corneal dystrophy 

Fuchs’ dystrophy 

Granular/Lattice/Macular dystrophy 

Polymorphous dystrophy 

Crystalline dystrophy 

Juvenile dystrophy 

Anterior dystrophy 

Unspecified dystrophy 

5) Herpetic eye disease 

Scar resulting from herpetic eye disease 

Herpetic perforation 

Active HSV 

HZO 

Scarring – result of HZO infection 

6) Corneal scars and opacities (no history 

of herpetic disease) 

Unspecified scars and opacities 

Trachomatous scar 

Scarring – result of marginal, central or 

unspecified ulcer 

Possible current trachoma 

7) Corneal ulcers (non HSV) 

Perforated 

Non perforated 

8) Trauma 

Unspecified trauma 

Burns 

Irradiation damage 

Trauma (perforated) 

9) Non-herpetic infections 

Corneal abscess 

Mycotic 

Pseudomonas 

Acanthamoeba keratitis 

Endophthalmitis 

Syphilitic interstitial keratitis 

Other bacterial 

Other non-herpetic viral 

Scleral abscess 

10) Interstitial keratitis 

11) Corneal degenerations 12) Congenital abnormalities 

Peters’ anomaly 

Other 

13) Descemetocoele 14) ICE syndrome 

15) Metabolic deposits 16) Miscellaneous 

17) Unknown to ACGR  

 

Table 2.2b Australian Corneal Graft Registry Main Indications for Penetrating Keratoplasty 

115 
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Attempts to accurately and succinctly code clinical indications for corneal transplantation are 

frustrated by the fact that multiple indications are frequently present.113 A classic example is 

the pairing of pseudophakic bullous keratopathy and Fuchs endothelial dystrophy. In order to 

overcome this difficulty, indications are typically listed in order of priority, with the principal 

indication being the one most directly responsible for the corneal transplantation. 

Keratoconus 

   

Figure 2.2c Slit lamp photographs demonstrating the conical shape of the cornea in two 

patients with keratoconus 

Keratoconus (from the Greek: kerato – horn, cornea; and konus – cone) describes an ectatic 

corneal dystrophy in which the cornea assumes a conical shape as a result of thinning and 

protrusion (Figure 2.2c).116 Other clinical features include Vogt’s striae (figure 2.2d), 

Rizutti’s sign, Fleischer ring, and corneal scarring. The severity of the disease ranges from a 

mild visual impairment to a debilitating loss of visual acuity.117 Visual loss arises primarily 

from irregular astigmatism and myopia, and secondarily from corneal scarring.116,117 The 

process of thinning and protrusion typically commences with puberty and progresses over a 

period of ten to twenty years and tends to halt, or at least slow, in the fourth decade of life.116 

Keratoconus is commonly bilateral but asymmetrical, affecting one eye earlier and more 

severely in most cases.118  
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The precise aetiology of keratoconus remains elusive.119 A variety of biochemical features 

are observed in keratoconus including decreased collagen content,120 altered enzyme activity 

(acid phosphosphatase, acid esterase, cathepsins B, G and K, and trypsin-2),121 up regulation 

of apoptotic signalling,122,123 and increased reactivity of corneal keratocytes to oxidative 

stress.124 However, it is difficult to determine whether these changes are cause or effect, or 

whether their origins are genetic or environmental.121 

An increasing body of evidence lends weight to the ‘two-hit hypothesis’ of a genetic 

predisposition that requires a secondary environmental event to elicit disease progression.121 

Although multivariate analysis has linked eye rubbing with keratoconus, at this stage it is not 

possible to distinguish causation from association.121  

Although all ethnic groups may be affected by keratoconus, there appears to be a geographic 

association with prevalence rates of this disease. Reported estimates of the incidence of 

keratoconus vary significantly from 50 to 230 per 100,000 (approximately 1 per 2,000).125-127 

Prevalence is approximately 54.5 per 100,000.125 While a low incidence has been 

demonstrated in Japan, Taiwan and Singapore, 128-130 an increased manifestation has been 

observed in the Mediterranean, Middle Eastern and Indian subcontinent areas.131-135  

 

A number of theories have been proposed to account for these differences including: climatic 

influences,136 variations in atopy rates,137 and an enhanced genetic influence due to increased 

rates of consanguinity in certain populations.138 In recent years, an expanding bank of 

keratoconus data have noted ethnic differences in incidence and disease progression.132 This 

is in contrast with the traditional assessment that keratoconus affects all races equally.125 An 

increased prevalence of keratoconus in the New Zealand population has been hypothesised, 

Figure 2.2d Slit lamp photograph 

demonstrating Vogt’s striae (arrow) 

in a patient with keratoconus 
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evidenced by the high national rate of corneal transplantation for keratoconus compared with 

international data.118,139 However, precise epidemiological data is lacking. Although exact 

figures are unknown, published reports suggest that Maori and Pacific populations have a 

higher incidence of keratoconus than other populations in New Zealand.118,136,140  

 

An array of treatment modalities is available for the treatment of keratoconus, and 

management varies according to disease severity. In recent years, the goals of treatment have 

expanded from a focus on improved visual acuity to include prevention of disease 

progression.117 Incipient cases may be managed conservatively with spectacles. As the 

disease progresses, visual rehabilitation may be achieved with a rigid gas permeable contact 

lens.126 In certain patients, disease progression may be prevented or retarded by corneal 

collagen cross linking.117 In cases of severe keratoconus complicated by high levels of 

astigmatism or corneal scarring, surgical intervention may be the only means of restoring 

functional vision. Studies suggest that 12 - 20% of patients with keratoconus will eventually 

require a corneal transplant. 125,141 Indeed, figures as high as 60% have been quoted in studies 

from tertiary centres.142 The number of patients requiring corneal transplantation may 

diminish in the near future as the benefits of novel treatments come into effect. 

Factors reported to be associated with an increased risk of penetrating keratoplasty in patients 

with keratoconus include corneal scarring, steeper keratometry values, poorer visual acuity, 

poorer contact lens comfort, younger age, flatter contact lens fit and greater cone 

displacement.142 

Corneal Dystrophy 

Fuchs endothelial dystrophy 

Fuchs endothelial corneal dystrophy (FED) is a progressive, bilateral condition typified by 

dysfunction of the corneal endothelium, resulting in reduced vision.143,144 It was first 

described by Ernst Fuchs in 1910. The clinical features of FED include morphological 

changes of the hexagonal mosaic, loss of corneal endothelial cells, thickening of Descement’s 

membrane, and deposition of extracellular matrix in the form of guttae (Figure 2.2e).145 In 

early disease, irregularities of the inner corneal layers negatively affect corneal transparency 

resulting in decreased vision. Oedema further compromises transparency in the late stage of 

the disease as the endothelial cells are no longer able to keep the cornea dehydrated and clear. 
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FED is estimated to affect approximately 5% of persons over the age of 40 in the United 

States.146 It is a bilateral disease though is typically asymmetrical on onset.143 A female 

preponderance is observed. The condition may be inherited in an autosomal dominant 

fashion, although sporadic cases do occur.143 The spectrum of disease varies from mild 

discomfort with minimal visual impairment, through to significant visual impairment 

accompanied by debilitating ocular discomfort. Cataract surgery may accelerate endothelial 

cell loss.147 Treatment modalities are tailored to the severity of the disease and may range 

from hypertonic saline drops to surgical intervention in the form of corneal transplantation. 

Reis Bückler Dystrophy 

Reis-Bücklers’ ring-shaped dystrophy is an autosomal dominant, bilaterally symmetrical 

central corneal dystrophy affecting Bowman’s layer.148 The major clinical features involve a 

central fishnet pattern of grey ring-like sub-epithelial opacities, and a mid-peripheral swirling 

pattern. Spontaneous epithelial erosions produce acute episodes of pain, photophobia, and 

ocular redness. 

 

Lattice Dystrophy 

Lattice dystrophy is the most common stromal dystrophy. Three stromal components 

characterise lattice dystrophy: refractile lines, white dotes and central diffuse opacity.148 

Figure 2.2e Slit lamp photograph 

demonstrating the ‘peau d’orange’ 

appearance of the corneal endothelium 

in a patient with Fuchs endothelial 

dystrophy 
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Lattice corneal dystrophy type I has no systemic associations, whereas Lattice corneal 

dystrophy type II occurs as a part of a larger disorder of amyloidosis. 

Granular Dystrophy 

Granular dystrophy is a bilaterally symmetrical autosomal dominant disease in which hyaline 

accumulates focally in the central stroma. The discrete white stromal spots have a cauliflower 

or stellate appearance, and typically spare the corneal periphery. Granular dystrophy may 

recur in the corneal graft.149 

Macular corneal dystrophy 

Macular corneal dystrophy is a bilaterally symmetric autosomal recessive disease affecting 

the corneal stroma. Three morphological features characterise macular dystrophy: diffuse 

stromal haze, focal grey-white stromal opacities, and irregularities of Descemet’s membrane 

with cornea guttata (Figure 2.2f).148 

 

Figure 2.2f Slit lamp photograph of an eye with macular corneal dystrophy 

Congenital Hereditary Endothelial Dystrophy (CHED) 

Congenital hereditary endothelial dystrophy is characterised by bilateral diffuse clouding of 

the cornea secondary to dystrophic endothelium and Descemet’s membrane. It manifests 

either in infancy or young childhood with a cloudy cornea, photosensitivity and sometimes 

nystagmus.150   
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Posterior Polymorphous Dystrophy 

Posterior polymorphous dystrophy is usually inherited in an autosomal dominant fashion and 

is characterised by alterations of Descemet’s membrane and the corneal endothelium.150 The 

major features include: isolated grouped vesicles surrounded by grey haze, beaten-metal 

appearance, geographically shaped discrete grey lesions, band configuration, stromal oedema, 

and peripheral iridocorneal adhesions (Figure 2.2g).150 Uncommonly, vision loss may arise 

secondary to stromal and epithelial oedema. 

 

Figure 2.2g Slit lamp photographs of an eye with posterior polymorphous corneal dystrophy 

demonstrating posterior corneal vesicles and opacities in linear bands, (Courtesy of Prof CNJ 

McGhee) 

Viral Keratitis 

Herpes Simplex 

Herpes simplex keratitis is the leading cause of chronic infective ocular disease in the United 

States.151 It is predominantly caused by the herpes simplex type 1 virus (HSV-I), although 

herpes simplex type II virus (HSV-II) is implicated on rare occasions. The incidence of 

herpetic ocular surface disease lies between 5.9 and 20.7 per 100,000 of the population per 

year with a prevalence of 149 per 100,000 in developed countries. 152,153 

Primary infection may involve an ocular or non-ocular site, following which latency may 

become established in the corresponding sensory ganglion for the dermatome involved (e.g. 

trigeminal ganglion). Recurrent keratitis occurs through viral reactivation and anterograde 
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axonal spread to the cornea; although recent evidence suggests that the cornea may also be a 

reservoir for viral latency.154 HSV-1 recurrences may result in a wide spectrum of ocular 

disease including blepharitis, conjunctivitis, epithelial keratitis, stromal keratitis, 

endotheliitis, or iridocyclitis.155 

 

Figure 2.2h Slit lamp photograph 

demonstrating a large dendritic lesion on the 

cornea (Courtesy Prof CNJ McGhee) 

 

 

 

 

 

 

 

Epithelial keratitis is the most common form of ocular HSV disease, and manifests in a 

pathognomonic dendritic configuration (Figure 2.2h). A recent Cochrane review concluded 

that currently available topical antiviral agents, vidarabine, trifluridine, or acyclovir, are 

effective and nearly equivalent for the therapy of dendritic epithelial keratitis.156  

 

Figure 2.2i Slit lamp photograph demonstrating extensive corneal scarring and 

neovascularisation secondary to HSV 

keratitis (Courtesy Prof CNJ McGhee) 

 

 

 

 

 

HSV stromal keratitis is primarily 

responsible for visual morbidity secondary 

to corneal scarring, thinning and neovascularisation (Figure 2.2i).155 The pathogenesis and 

severity of herpes simplex stromal keratitis is largely determined by the complex interplay 

between the virus and the host’s immune system. The current standard of care is based on 
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several observational studies and clinical trials, and may include topical corticosteroids in 

addition to antivirals.155 However, corticosteroids have significant attendant side effects and 

must be used judiciously. Moreover, antivirals are only beneficial if replicating virus is 

present. Arguably the most important intervention is the use of oral acyclovir as prophylaxis 

for recurrent stromal keratitis.151 The Herpes Eye Disease Study (HEDS) demonstrated that 

oral acyclovir, 400mg twice daily for a year after the onset of active herpes reduced 

recurrences of both epithelial and stromal herpes by fifty per cent. 157 

 

Herpes Zoster 

Herpes zoster ophthalmicus (HZO) arises following reactivation of latent varicella-zoster 

virus (VZV) within the first division of the trigeminal nerve.158 First described by Hutchinson 

in 1865, HZO is more frequently associated with chronic and destructive sequelae compared 

with other dermatomal manifestations of shingles.159 Owing to viral reactivation and its 

associated inflammatory and immune reactions,159 HZO is implicated in a spectrum of ocular 

manifestations ranging from self-limited mucopurulent conjunctivitis and pseudo-dendritic 

corneal epithelial lesions to more damaging complications such as scleritis, stromal keratitis, 

uveitis glaucoma and extraocular muscle palsies.158 Rare complications include retinal 

necrosis, optic neuritis and encephalitis. 

HZO correlates with waning VZV specific cell mediated immunity, most commonly due to 

advancing age or secondary to immune-compromise. The incidence of HZO is between 30 to 

60 new cases per 100,000 people annually.160,161 Ocular complications may occur in up to 

80% of affected patients, with 30% developing a chronic course.159 Treatment of acute herpes 

zoster with oral acyclovir has been demonstrated to hasten the healing of skin lesions, and 

decreases the duration of symptoms and viral shedding.162 The severity and incidence of sight 

threatening sequelae of HZO are tempered by the prompt administration of oral antiviral 

therapy.158,163,164  

Bullous Keratopathy  

 

Bullous keratopathy is caused by a critical diminution of the corneal endothelial cell 

population and pump function, and is characterised by chronic corneal and epithelial oedema 

(Figure 2.2j). Morbidity is two-fold encompassing ocular discomfort and vision loss. 
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Ruptured corneal epithelial bullae irritate corneal nerve endings causing debilitating pain, and 

the loss of transparency secondary to corneal oedema and scarring results in decreased vision. 

 

 

The appellation pseudophakic bullous keratopathy (alternatively pseudophakic corneal 

oedema) describes irreversible corneal oedema and endothelial cell damage following 

cataract extraction and intraocular lens (IOL) implantation. In the absence of an IOL implant, 

the condition is referred to as aphakic bullous keratopathy (alternatively aphakic corneal 

oedema).165 

Graft Failure 

Several processes may culminate in corneal graft failure, and the different types of corneal 

transplants have both common and unique risk profiles. Common causes of graft failure 

associated with penetrating keratoplasty include primary endothelial decompensation, 

immune graft rejection, surface disorders, astigmatism, infection and recurrence of the 

original disease.166 The major advantage of deep anterior lamellar keratoplasty (DALK) over 

conventional penetrating keratoplasty is the fact that late corneal failure secondary to 

endothelial decompensation and endothelial rejection is not anticipated.100 Complications 

predisposing graft failure in anterior lamellar keratoplasty include graft rejection, 

microperforations of Descemet’s membrane, a double anterior chamber postoperatively, and 

interface irregularities.100 Graft failure in the setting of endothelial keratoplasty may result 

Figure 2.2j Slit lamp photograph 

on eye with pseudophakic 

bullouskeratopathy demonstrating 

diffuse corneal oedema and an 

area of band keratopathy 

inferiorly 
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from dislocation of the donor button, primary graft failure,  endothelial rejection, rapid 

endothelial cell decline, and iatrogenic glaucoma.100 

The ratio of repeat to primary keratoplasty is a function of the failure rate of primary grafts, 

and the willingness of both surgeon and patient to embark on a repeat procedure.167 The need 

to rationalise the utilisation of scarce donor tissue is another important consideration. 

Penetrating keratoplasty regrafts generally have a poorer prognosis than primary penetrating 

keratoplasty,  even in the absence of allograft rejection, with 3- to 5- year survival rates 

ranging from 21% to 70%.168 The poorer prognosis reflects the cumulative effect of the risk 

factors associated with the original diagnosis, and the additional risk factors acquired since 

the primary procedure, including: previous allograft rejection, possible glaucoma escalation, 

active or previous inflammation, corneal neovascularisation, and worsening of ocular surface 

disease.167  

Repeat corneal transplantation may take the form of a full thickness or endothelial graft. 

Endothelial keratoplasty under a previous failed penetrating keratoplasty may be considered 

as an alternative to repeat standard penetrating keratoplasty, particularly in the context of an 

eye with acceptable corneal topography and refractive outcome prior to failure.168  

 

Figure 2.2k Slit lamp photograph of an eye with corneal graft failure secondary to 

endothelial rejection in an eye with a full thickness graft. The original indication for surgery 

was a globe rupture secondary to assault. 
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Trauma 

Mechanical Trauma 

Trauma to the eye may take many forms with each injury offering a unique challenge to the 

reconstructive surgeon. There may be blunt or lacerating trauma, or structural integrity may 

be compromised by chemical or thermal agents. Figure 2.2l demonstrates a full thickness 

corneal laceration caused by scissors, involving cornea, iris and lens. Corneal transplantation 

may be indicated for optical or structural reasons. Ideally, corneal transplantation should be 

delayed until the inflammation has subsided and the scar has healed.112 However, significant 

tissue loss may necessitate corneal grafting at the time of primary repair. Visual compromise 

may be caused by the injury itself or arise as a sequelae to blood staining, elevated intraocular 

pressure, stromal ingrowth, incarceration of iris, lens and vitreous, and pseudo-pterygium.112 

Reconstruction of the anterior segment requires meticulous anatomical restoration in order to 

minimise secondary complications and enhance the visual prognosis.169  

 

 

Chemical and Thermal Trauma 

Chemical and thermal insults to the eye may produce devastating injuries to the anterior 

segment resulting in profound visual impairment.170 Fortunately, the incidence of severe 

chemical burns is low and the majority of injuries are classified as mild. Corneal 

transplantation procedures in chemically injured eyes must be considered in relation to the 

status of the adjacent limbus. Ultimately, long term corneal graft clarity is untenable in the 

absence of a stable ocular surface. In the context of widespread damage, large diameter (11-

Figure 2.2l Slit lamp photograph 

of a full thickness corneal 

laceration caused by scissors, 

involving cornea, iris and lens, 

and leading to corneal 

transplantation with anterior 

segment reconstruction. 

(Courtesy of Prof CNJ McGhee) 
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12mm) penetrating keratoplasties may confer two advantages; enhanced tectonic support, and 

the passage of corneal limbal stem cells from the donor globe.171 However, the success of 

large diameter grafts is undermined by the significant risk of rejection. Consequently, a 

normal diameter (≤8.00mm) graft proceeded, or accompanied, by a limbal stem cell 

transplant is the preferred treatment where extensive corneal and limbal damage coincide.172  

Figure 2.2m Slit lamp photograph of 

an eye with extensive corneal scarring 

and neovascularisation associated with 

limbal failure secondary to a 

hydrochloric acid injury 

 

 

In general, chemical burns are associated with a high risk of subsequent corneal graft 

rejection largely due to the presence of corneal neovascularisation (Figure 2.2m). The 

prognosis for successful penetrating keratoplasty correlates with the severity and sequelae of 

the original chemical insult.173 The likelihood of success is remote in the setting of 

intraocular abnormalities such as glaucoma, hypotony, anterior chamber membrane 

formation, and retinal detachment.173 Preliminary rehabilitation of the ocular surface is vital 

to the success of penetrating keratoplasty. 

Ulcerative conditions 

As highlighted in the subsequent section, severe corneal ulceration may be caused by many 

different infectious and non-infective conditions. Corneal transplantation may be required in 

the acute phase for tectonic and/or therapeutic indications, or later as a means to restore 

vision in a healed eye with an opaque or scarred central cornea.174  

 

Infectious ulcerative conditions 

The management of acute infectious keratitis remains a considerable challenge despite 

current advances in antimicrobial therapy. Disease severity is influenced by organism 

virulence, predisposing factors, treatment factors and associated ocular surface 

inflammation.175 Severe infectious keratitis may result in acute perforation, scleritis, and 

endophthalmitis. Figure 2.2n is of an eye with a severe fungal keratitis. The poor prognosis of 
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keratoplasty in the acute infectious period is well recognised.176 Therefore, urgent 

keratoplasty is reserved for end-stage corneal infections or progressive lesions recalcitrant to 

maximal medical therapy.175 Anterior lamellar keratoplasty may be considered in cases where 

infection has not breached Descemet’s membrane. 

 

Sterile Ulcerative Conditions 

Non-infectious corneal ulcers have may occur as an isolated ocular problem or may be 

associated with systemic disease. Figure 2.2o demonstrates an eye with dramatic corneal 

thinning secondary to a previous Mooren’s ulcer. Interestingly, the ocular manifestation is 

sometimes the first presentation of the underlying collagen vascular or autoimmune disease. 

Disease states which undermine the integrity of the ocular surface epithelium (exposure 

keratitis, neurotrophic keratitis, keratomalacia, recurrent corneal erosions, rosacea keratitis) 

may also precipitate sterile corneal ulcers.174 Sterile corneal ulcers are a complex therapeutic 

challenge, and management strategies must consider the underlying aetiology. First line 

therapy includes aggressive medical treatment, which may include: bandage contact lenses, 

early application of tissue adhesive, and patch grafts.174 Whenever possible, penetrating 

keratoplasty should be delayed until inflammation has subsided or been controlled by 

immunosuppression. However, an emergency penetrating keratoplasty may be necessary as a 

means to restore ocular integrity. 

 

Figure 2.2n Slit lamp photograph 

of an eye with fungal keratitis 

(fusarium solani) recalcitrant to 

medical therapy subsequently 

treated by a therapeutic 

penetrating keratoplasty. Note the 

presence of a hypopyon. 
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Figure 2.2o Slit lamp photograph of an eye with dramatic corneal thinning secondary to a 

previous Mooren’s ulcer (right). Slit lamp photograph of the same eye following full 

thickness corneal transplantation (left), (Courtesy of Prof CNJ McGhee) 

Other 

Interstitial Keratitis 

Interstitial keratitis is a vascularised non-suppurative infiltration of the corneal stroma 

without primary involvement of the epithelium or endothelium (Figure 2.2p).177 Various 

bacterial, viral, parasitic and autoimmune causes of interstitial keratitis are known. 

Congenital syphilis is classically described as the most common cause of interstitial 

keratitis.177 

Figure 2.2p Slit lamp photograph of a 

patient with old interstitial keratitis 

secondary to congenital syphilis 

exhibiting significant residual central 

corneal opacity and peripheral 

neovascularisation in an otherwise 

uninflamed eye. 
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Autograft 

Contralateral autokeratoplasty may be performed under the select circumstance that one eye 

possesses a clear and healthy cornea with vision loss secondary to retinal or optic nerve 

pathology, the contralateral eye having favourable visual potential limited only by a diseased 

cornea.178 In such cases, the blind eye receives an allograft, and the clear corneal button is 

used for autocorneal transplant in the other eye.178,179 Such autokeratoplasty negates the risk 

of graft rejection and minimises the requirement of post-operative corticosteroids.178 In a very 

small number of cases a rotational autograft may be performed where the affected cornea is 

trephined with the centre of the trephine off axis. Thereafter the corneal button can be rotated 

and sutured back into the same eye but by rotation a discrete central or para-central scar can 

be rotated away from the visual axis. (REF) 

 

Corneal and Limbal Dermoids 

 

Limbal or corneal dermoids are benign congenital tumors consisting of ectodermal and 

mesodermal elements in various proportions. Dermoids may result in significant visual 

morbidity from encroachment of the lesion or lipid into the visual axis, or from induced 

astigmatism.180 Cosmetic disfiguration and tear film abnormalty are important additional 

considerations. Surgical excision must consider the likelihood of improved vision or cosmetic 

appearance against the risk of subsequent scar formation or surgical complications. Lamellar 

or penetrating keratoplasty can be performed to reinforce the site of excision. 

 

Iridocorneal Endothelial (ICE) syndrome 

 

Iridocorneal endothelial (ICE) syndrome is a group of ocular conditions characterised by 

proliferative corneal endothelial abnormality, progressive iris atrophy, anterior synechia, and 

secondary glaucoma (Figure 2.2q).181 The disease complex includes Chandler’s syndrome, 

progressive essential iris atrophy, and Cogan-Reese syndrome. Proposed aetiologies include 

perinatal or postnatal infection, neural crest cell anomalies and viruses such as Epstein-Barr 

or Herpes simplex.181 
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Steven-Johnsons syndrome 

Stevens-Johnson syndrome (SJS) is an acute inflammatory disorder that affects skin and 

mucous membranes, with ocular complications occurring in more than 50% of patients.182 

Ocular surface inflammation develops rapidly in the acute phase and may be accompanied by 

pseudomembranous formation and/or corneal or conjunctival epithelial defects. In the post-

acute period, the common pathway includes persistent epithelial defects and ulceration 

culminating in corneal cicatricial changes such as neovascularisation, opacification, 

keratinisation and symblepheron (Figure 2.2r).182 Limbal compromise complicates 

therapeutic interventions such as corneal transplantation which generally carries a poor 

prognosis in this condition. 

 

Figure 2.2r Slit lamp photograph of an 

eye with severe corneal scarring and 

neovascularisation associated with limbal 

failure secondary to Stevens-Johnson 

syndrome, (Courtesy of Prof CNJ 

McGhee) 

 

 

 

Figure 2.2q Slit lamp photograph 

of an eye with early corneal 

decompensation secondary to 

irido-corneal endothelial (ICE) 

syndrome, (Courtesy of Prof CNJ 

McGhee) 
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Ectasia post refractive surgery 

Corneal ectasia can be a serious complication after excimer laser corneal refractive surgery 

and involves progressive steepening and thinning of the cornea with associated vision loss. 

Studies estimate that 8-30% of eyes developing ectasia will require corneal transplantation 

for visual rehabilitation.183 

 

Limbal squamous cell carcinoma 

Ocular surface neoplasms most commonly arise in the limbal region and occur particularly in 

elderly males who have lived in geographic areas exposed to high levels of ultraviolet 

light.184 Surgical excision is the most accepted method of treatment. In rare instances, corneal 

transplantation may be indicated following extensive resection or deep limbal melts 

associated with squamous cell carcinoma. 

 

Pellucid marginal corneal degeneration 

 

Pellucid marginal corneal degeneration is a progressive non-inflammatory ectatic corneal 

disorder (which may be part of the keratoconus spectrum) that involves the inferior cornea in 

a crescentic fashion.185 In some patients, visual rehabilitation with corneal transplantation 

may be indicated. 

 

Miscellaneous conditions that may require corneal transplantation 

 

The following are uncommon indications for corneal transplantation: A) Blood stained 

cornea - corneal blood staining is defined as deposition of haemoglobin and its breakdown 

products in the cornea, B)  band keratopathy is a chronic degenerative condition typified by 

the deposition of grey to white opacities in the superficial layers of the cornea, most 

frequently in the inter-palpebral zone, 186 C) congenital glaucoma is present at birth but may 

not manifest until infancy or early childhood - elevation of intraocular pressure damages 

ocular structures including the corneal endothelium. 
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2.3 IMMUNOBIOLOGY OF CORNEAL TRANSPLANTATION 

Causes of Corneal Transplant Failure 

Corneal graft failure is defined as irreversible loss of graft clarity preventing recovery of 

useful vision.187 It remains an important problem despite advances in corneal preservation 

and surgical technique, and ocular immunosuppressive, antihypertensive and antibiotic 

therapy.188 Several processes may culminate in corneal graft failure including primary 

endothelial decompensation, immune graft rejection, endothelial cell attrition, surface 

disorders, infection and recurrence of original disease. Furthermore, even in the setting of a 

thin transparent graft, patients may experience significant visual disability secondary to 

ametropia and astigmatism. 

Primary Graft Failure 

Primary graft failure is identified by the presence of a diffusely oedematous corneal 

transplant on the first post-operative day that subsequently fails to clear and is not associated 

with rejection or secondary causes of graft failure.189 Endothelial decompensation is the cause 

of primary graft failure and may arise secondary to incorrect donor cornea removal, use of 

insufficient storage medium, intraoperative trauma, and the implantation of donor tissue of 

marginal quality.189 The risk of primary graft failure is minimised by advances in surgical 

techniques and materials, and improved donor tissue preservation methods.189 The reported 

incidence of primary graft failure ranges from 0.1 to 1%.190-194 

Endothelial Cell Attrition 

Corneal transparency is dependent on the dual pump-barrier function of the corneal 

endothelium to maintain corneal hydration and thickness. Human corneal endothelial cells 

have no regenerative capacity in vivo, and consequently endothelial cell trauma is 

accompanied by irreversible cell loss.195  Corneal decompensation occurs when the 

endothelial cell density falls below 500 cells/mm2 and manifests as corneal oedema, resulting 

in loss of vision.2 The number of endothelial cells gradually declines throughout life at a rate 

of 0.6% per year42 from a baseline of approximately 3500 cells/mm2 at birth.43 Accelerated 

endothelial cell attrition has been observed following keratoplasty.  Indeed, studies suggest 

that the annual rate of endothelial cell loss following penetrating keratoplasty is 7.8% per 

year from 3 to 5 years, and 4.2% per year from 5 to 10 years.196,197  Consequently, endothelial 
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decompensation is an important cause of corneal graft failure, accounting for 14.9 to 49.5% 

of failed grafts.191-194,198 

 

Cellular activity following keratoplasty involves an intricate interchange between donor 

endothelial cell attrition, cell migration and the replacement of the donor endothelium by 

recipient cells. Two-dimensional imaging has demonstrated a wide variation in the timing 

and pattern of replacement of donor endothelial cells by those from the recipient.195 Although 

a trend toward a higher retention of donor endothelium in transparent, successful grafts has 

been reported, this may not in itself be ‘sufficient to prevent graft failure secondary due to 

endothelial decompensation or be a requisite for long-term graft transparency’.195 

 

In addition to cumulative cell loss, endothelial decompensation may also manifest following 

secondary events such as rejection, raised intraocular pressure, inflammation, or 

pseudophakic or vitreous touch.189 

Allograft rejection 

The majority of studies have identified allograft rejection as the leading 190-192,194,198 or second 

leading cause of graft failure.193  Allograft rejection is an immunological process that 

involves the recognition of the foreign histocompatibility antigens of the corneal graft by the 

host’s immune system, resulting in initiation of the immune response cascade.199 An efferent 

immune response is mounted by the host immune system against cells bearing the foreign 

antigen culminating in rejection.199 Although prompt and aggressive management may 

reverse the rejection process, graft function may be irretrievably damaged by the immune 

effector cells. Even if the rejection process is effectively reversed, the graft carries a poor 

prognosis for the occurrence of subsequent episodes of rejection and eventual graft failure.200  

Immunobiology of Corneal Transplantation 

The immunological phenomenon of corneal graft rejection was first described by Paufique et 

al in 1948,199 later by Maumenee in 195192 and further elaborated by Khodadoust and 

Silverstein in 1969.201 Allograft rejection entails a succession of complex immune events that 

involve donor tissue recognition and destruction by allo-specific immune cells of the 

recipient.199,202 Corneal graft rejection is the major barrier to the success of human allograft 

transplantation representing one of the principle post-operative complications and being the 
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most common cause of graft failure in the intermediate and late postoperative period. 92,199,203-

207 

Corneal graft rejection is characterised by one, or more, of the following features; 

development of an epithelial, stromal or endothelial rejection line, new onset of a unilateral 

anterior chamber response in the presence of keratic precipitates, or an increase in corneal 

oedema with visible aqueous cells in the context of a previously clear graft. 199,205,208,209  The 

multifaceted immune mediated process typically takes at least two weeks to develop and 

consequently graft rejections are not observed in the immediate postoperative period in a 

naive host.199 The immune process typically begins at the graft margin closest to the most 

proximal blood vessels and there is a centripetal movement of the inflammatory process as it 

spreads to encompass the entire graft .199 

Graft rejection may involve any of the three layers of the cornea and therefore may be 

classified as epithelial, chronic stromal, hyperacute stromal, endothelial, and combined 

stromal and endothelial.199 

Transplant Immunobiology 

Corneal graft rejection is a three step process involving initiation of the immune cascade 

(afferent immune response arm), development of host sensitisation (central processing) and 

deployment of the specific immune response (efferent immune response arm).199,210. This 

three step process is often referred to as the immune reflex arc.210 

 

Khodadoust and Silverstein demonstrated that the immune cascade is initiated when the host 

immune system recognises foreign histocompatability antigens on the cells of corneal 

allografts.201 Major histocompatability complex (MHC) antigens are polymorphic cell surface 

antigens expressed on the surface of individual cells which serve to alert the immune system 

to the presence of foreign material.202 

 

There are two major classes of MHC antigens; Class I and Class II. Class I MHC antigens are 

expressed on the surface of all nucleated cells whereas class II MHC antigens are found 

exclusively on so-called ‘professional antigen presenting cells’ (APC); B –lymphocytes, 

macrophages, Langerhan cells and interstitial dendritic cells.202 Foreign antigen is processed 

by APCs and presented with the MHC type II molecule to T cell receptors in the presence of 
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co-stimulatory molecules.199 This process enables the T cell to distinguish between ‘self’ and 

‘non self’ .202 

 

Human MHC genes exhibit tremendous polymorphism and are encoded by a subset of genes 

located on chromosome 6 known as human leukocyte antigens (HLA). 211 There are more 

than 200 known allelic variants of MHC Class I and Class II molecules. 211 Disparities in host 

and donor MHC antigens result in recognition of donor tissue as foreign and consequent 

activation of the immune response. Historically, MHC antigens were known as major 

transplantation antigens. Host cytotoxic T cells (CD8+) recognise donor class I antigen, 

whereas donor class II antigen is recognised by host helper T cells (CD4+).202 

 

Host sensitisation mobilises an immune-mediated cascade of cellular events against the 

foreign antigen known as the efferent arm of the rejection process.202,210 Although the host is 

sensitised within one week; manifestation of the rejection phenomenon is dependent on the 

ability of effector cells to reach the graft.199 The primary effector cells are cytotoxic T 

lymphocytes which mount an attack on cells bearing the foreign antigen.199  

Ocular Immune Privilege 

Corneal transplantation is the oldest and one of the most successful transplantation 

procedures despite the absence of both systemic immunosuppression, and tissue typing in 

primary procedures.199,202,210,212,213 This distinction has given rise to the perception that 

corneal allografts and the graft bed enjoy a state of immune privilege. However, this 

proposition is contradicted by the fact that graft rejection is the leading cause of corneal graft 

failure. 92,199,203-207 Immune privilege is therefore considered a sophisticated but fallible entity 

composed of multiple interdependent mechanisms. The disassembly of any single component 

results in collapse of immune privilege.210  

The immune system is imperative to survival as it affords protection against invading 

microbes and controls the proliferation of aberrant cells. Conversely, the immune system 

must be tempered to circumvent the pathological consequences of an uncontrolled immune 

response. The equilibrium between protection and self-destruction is maintained by the 

concept of self and non self which forms the foundation of the immune system. Two different 

mechanisms collaborate to achieve self-tolerance; central tolerance involves thymic negative 

selection, and peripheral tolerance induces specialised T cells with regulatory capacities 
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extra-thymically .214 An escalated form of immune regulation is immune privilege. The 

purpose of ocular immune privilege is to protect the exquisite configuration of the eye from 

irreversible damage mediated by the immune system. 

The concept of immune privilege was introduced in 1948 by Sir Peter Medawar who used the 

phrase to describe the absence of an immune response to allografts placed in the ocular 

microenvironment.89 Noting the lack of blood and lymphatic vessels in the cornea in 

conjunction with the presence of a blood-ocular barrier, he proposed that immune privilege 

was afforded through a passive mechanism of immunological ignorance89. In short, it was 

believed that the avascular nature of the cornea sequestered foreign histocompatability 

antigens from the systemic immune apparatus.210  Nevertheless, the model of immune 

ignorance is undermined by demonstrations that even avascular grafts can be both 

immunogenic and antigenic.210 

An emerging body of evidence has led to a paradigm shift from a concept of passive immune 

ignorance to one of active immune modulation. Ocular immune privilege is now considered 

to involve a constellation of anatomical, immunological and physiological parameters which 

conspire to simultaneously disrupt all three components of the immune reflex arc; the afferent 

response arm, central processing and effector response arm.210 

Neiderkorn conceived the analogy of the “three legged stool” to describe the immune 

privilege of corneal allografts (Figure 2.3a) .210 The immune privilege stool is composed of 

the afferent blockade of the immune response, the induction of immune deviation and the 

evasion of allodestructive immune-effector elements. Removal of any one of the three legs of 

the immune privilege stool precipitates the collapse of immune privilege culminating in 

corneal graft rejection.210  

 

 

Figure 2.3a The three legged stool concept 

of ocular immune privilege 
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Afferent Blockade of the Immune Response 

A combination of anatomical and cellular barriers thwarts the afferent arm of the immune 

response. As previously mentioned, the conspicuous absence of blood vessels and afferent 

lymphatics in the cornea prevents the transport of alloantigens to the regional lymphatic 

tissue.213 Inflammation of the ocular surface can elicit corneal neovascularisation which is an 

established risk factor in corneal allograft rejection.213 Traditionally, the focus has been on 

the role of blood vessels in promoting the induction and expression of alloimmunity. 

However, recent evidence has redirected this focus by suggesting that it is the presence of 

lymphatic vessels rather than blood vessels that undermines immune privilege.213  Stimuli 

that induce blood vessel growth such as VEGF-C are also implicated in inducing the 

ingrowth of lymphatic vessels and the infiltration of antigen presenting dendritic cells.199  

The central portion of the cornea, which is routinely used for transplantation, is home to a 

noticeably sparse population of MHC Class II APCs.215 The majority of bone marrow derived 

cells present in the normal cornea exhibit an immature phenotype which lacks MHC class II 

expression.215  Moreover, the three major morphological cell types of the cornea (epithelial, 

stromal and endothelial cells) express no MHC class II and only weak MHC class I 

antigens.215 Corneal tissue therefore exhibits relatively low antigenicity. 

An emerging body of evidence suggests that various traumatic stimuli may induce the 

activation and conversion of MHC class II negative cells to a MHC class II positive 

status.216,217 It is also considered that manoeuvres such as suturing and electrocautery may 

provoke the centripetal migration of peripheral MHC class II cells into the central cornea.218-

220 Studies suggest that corneal grafts that have undergone minimal manipulation are devoid 

of class II positive APCs and experience a survival advantage over corneal grafts 

accommodating MHC class II APCs.221,222 The presence of MHC class II positive APCs 

abolishes allograft immune privilege, even in the context of an avascular cornea.210 

The paucity of MHC class II APCs and the absence of blood vessels and afferent lymphatics 

conspire to block the afferent arm of the immune reflex arc, thereby sequestering corneal 

allograft antigens from the systemic immune system. 

Immune Deviation 

The central processing component of the immune reflex arc is subverted by the capacity of 

the eye to induce antigen specific immune deviation of the systemic immune response.223 The 
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work of Kaplan and Streilein demonstrated that the immune system is not ‘ignorant’ of 

intraocular foreign antigens.224 Rather, the ocular microenvironment influences the 

presentation of intraocular antigens diverting the immune system from a destructive to a 

tolerant pathway.223 The presence of alloantigens in the anterior chamber induces a systemic 

form of tolerance in the form of suppressor immunity. Suppressor immunity is expressed by 

the generation of regulatory T cells; antigen-specific efferent suppressor CD8 T cells and 

afferent suppressor CD4 T cells.225 The induction of T regularity cells is a multifaceted 

process arbitrated by F4/80 macrophages that present inoculated antigen to a cluster of B 

cells, natural killer T cells, and CD4 and CD8 T cells in the spleen.226-228 This antigen 

specific down-regulation of delayed type hypersensitivity responses is known as anterior 

chamber associated immune deviation (ACAID). Induction of T regulatory cells is 

accompanied by the production of non-complement fixing antibodies.213 

 

Corneal allografts form the anterior wall of the anterior chamber and thus have direct 

communication with the numerous anti-inflammatory and immunosuppressive molecules 

found in the aqueous humour.213  It has been proposed that corneal endothelial cells induce 

ACAID when they are sloughed off into the anterior chamber during and after transplantation 

surgery.213  The induction of ACAID requires that the spleen and eye remain intact for at 

least 4 and 2 days respectively, following the inoculation of the foreign antigen into the 

anterior chamber.224 Murine models suggest that an intact sympathetic nervous system is also 

vital to the induction of ACAID. 

 

Blockade of immune effector elements 

 

The efferent immune effector elements are undermined by the presence of an active 

functional blockade.  The cornea and juxtaposed aqueous humour contain cell membrane 

bound and soluble molecules respectively, which neutralise immune effector elements.210  

 

The work of Griffith and colleagues demonstrated the expression of the apoptosis-inducing 

cell membrane molecule FasL on multiple ocular cells including the corneal epithelium and 

endothelium.229 FasL induces apoptosis in invading Fas positive inflammatory cells such as 

neutrophils and activated T cells. Emerging evidence suggests that the expression of Fas 

ligand on the epithelium and endothelium of the corneal allograft plays a critical role in 

deactivating immune effector cells at the graft host interface.230,231 In murine models, corneal 
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grafts expressing functional FasL enjoy a survival advantage over corneal grafts with 

defective FasL.230,231 Programmed death ligand-1 (PD-L1) is another cell membrane bound 

molecule active in deterring inflammatory cells. The PD-L1 engages with its receptor (Pd-1) 

on lymphocytes and inhibits T lymphocyte proliferation and production of interferon- γ, and 

induces T lymphocytes apoptosis.213  

 

Although the precise role, if any, of antibodies in corneal allograft rejection remains to be 

elucidated. The ability of complement-fixing antibodies to produce rejection is restrained by 

the buffering effects of cell membrane bound and soluble complement regulatory proteins 

(CRPs).232,233  These proteins disable complement-mediated effector mechanisms and are 

thought to reduce the risk of graft rejection. 

 

The scarcity of MHC Class I molecules renders the corneal endothelial vulnerable to attack 

from natural killer (NK) cells. NK cells form part of the surveillance element of the innate 

immune system and are programmed to kill cells which fail to express MHC Class I 

molecules, a phenomenon known as the ‘missing self’ hypothesis.234 The corneal 

endothelium is bathed by the aqueous humour which contains two known molecules that 

impede NK cell-mediated cytolysis; macrophage migration inhibitory factory (MMIF) and 

transforming growth factor-ß (TGF-ß).213 The cornea and adjacent aqueous humour afford 

protection through the capacity to both block and eliminate immune effector cells. 

 

The preservation of immune privilege of corneal allografts requires the simultaneous 

blockade of all three arms of the immune reflex arc.210 Of note, the two leading risk factors 

for corneal graft rejection are vascularisation of the corneal graft bed, and previous corneal 

graft rejection. Both these conditions re-establish the afferent and efferent arms of the 

immune apparatus, and undermine the establishment of ACAID.210 Strategies to promote the 

survival of corneal allografts may be considered with reference to enhancing and restoring 

immune privilege. 

Classification of Corneal Transplant rejection 

The work of Khodadoust and Silverstein demonstrated that immunological rejection may 

affect any of the individual layers of the cornea.201 Of the four commonly accepted forms of 
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allograft rejection – epithelial, sub epithelial, stromal and endothelial – endothelial rejection 

is the most frequently observed clinically.235 

 

Epithelial Rejection 

 

  

Figure 2.3b Slit lamp photograph demonstrating established, low-grade, epithelial rejection 

approximately 6 weeks post PKP (Courtesy Prof CNJ McGhee) 

 

Epithelial rejection is often asymptomatic and discovered incidentally on routine 

postoperative examination.199 Figure 2.3b shows a slit lamp photograph of a corneal graft 

undergoing epithelial rejection. Clinical examination reveals an elevated undulating rejection 

line in the epithelium that stains with fluorescein or Rose Bengal.235 The rejection line begins 

near the graft-host junction and migrates centrally across the donor epithelium. The host 

epithelium is thought to replace the donor epithelium during an episode of epithelial 

rejection.199 Although graft failure from epithelial rejection is uncommon, it often forecasts or 

accompanies other types of rejection (approximately 74%).199 

 

The incidence of epithelial rejection is reported to be 10-14% 236,237 however, the true 

incidence is likely to be underreported considering the general absence of symptoms. The 

average onset is 3 months post-transplantation.235 Epithelial rejection is not typically seen 

within the first postoperative month post-surgery, and most commonly occurs within the first 

year after transplantation.236 



59 
 

Sub Epithelial Infiltrates 

 

Sub epithelial infiltrate rejection is recognised by the presence of 0.2-0.5mm hazy white 

lesions which are located exclusively in the anterior stroma of the allograft.235 These 

infiltrates represent areas of cellular infiltration, and are often described as Krachmer’s spots. 

Figure 2.3c is a slit lamp photograph demonstrating sub-epithelial infiltrates (Krachmer 

spots) highlighting low-grade rejection phenomena in an eye with a full thickness corneal 

graft. Ocular symptoms include redness and photosensitivity. Although this entity represents 

a low-grade rejection process, it may also portend the development of other forms of severe 

rejection.199,235 

 

The incidence of sub epithelial infiltrate rejection following penetrating keratoplasty is 

around 10-15% with an average onset of 10 months post-operatively.236,237 

 

      

Figure 2.3c Slit lamp photograph (left) demonstrating sub-epithelial infiltrates (Krachmer 

spots) highlighting low-grade rejection phenomena (magnified view right) in an eye with a 

full thickness corneal graft, (Courtesy of Prof CNJ McGhee) 

Stromal Rejection 

Stromal rejection is characterised by a zone of full-thickness stromal haze that rapidly 

extends across the cornea.199 It is typically accompanied by pain and intraocular 

inflammation. The sequelae of stromal rejection can cause permanent allograft opacity and 
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failure. In rare cases, the graft stroma may become necrotic and perforation may result.235 

Fortunately, stromal rejection is very uncommon.235  

Endothelial Rejection 

Endothelial rejection is typically the most symptomatic and devastating form of corneal graft 

rejection. Episodes are not seen in the immediate postoperative period in a naive host, and the 

average onset for endothelial rejection is 8 months.236 Patients typically present with 

decreased vision, redness, pain and photosensitivity.235 On clinical examination the eye 

exhibits conjunctival hyperaemia, anterior chamber reactions, keratic precipitates and graft 

oedema. Keratic precipitates may be observed in a random distribution or in an undulating 

line known as a Khodadoust line (figure 2.3d) .235 The line originates at the periphery of the 

graft, often at a point of neovascularisation and progresses centripetally across the cornea.199 

The fate of the graft is dictated by the severity of the rejection and the delay in initiating 

treatment.199 

 

Figure 2.3d Slit lamp photograph of a penetrating keratoplasty eye undergoing endothelial 

rejection with a Khodadoust rejection line (arrows) advancing from below (Transplant 

indication, HSV keratitis). Note epithelial and stromal oedema in the lower half of the cornea 

and the presence of neovascularisation extending into the graft host junction, (Courtesy of 

Prof CNJ McGhee).  
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Prevention of Corneal Transplant Rejection 

Strategies to prevent immune-mediated corneal allograft rejection can be considered with 

reference to preoperative, intraoperative and postoperative factors. Preoperative measures 

involve optimising the compatibility of the host and donor tissue by minimising antigenic 

differences. Intraoperative factors involve meticulous surgical technique including careful 

suturing, accurate graft-host apposition and central alignment of the recipient bed trephine.199 

Post-operative strategies target the control or alleviation of the host immune response to 

donor tissue.199  Optimised postoperative care is facilitated by a high level of patient 

cooperation to allow timely intervention in the event of complications. 

 

Preoperative Measures 

 

The relative success of corneal allografts is remarkable given the absence of routine HLA 

matching; a procedure invariably performed in solid organ allografts. Corneal allografts have 

limited expression of Class I and II antigens and the benefit of matching histocompatibility 

antigens between donor and recipient is controversial. Murine models have defined the 

degree of immune privilege of corneal allografts with reference to skin allografts.210,238 

Allografts mismatched with the recipients at the entire MHC plus multiple minor 

histocompatibility loci were rejected in 100% of skin models, compared with 50% of corneal 

models. Corneal allografts mismatched at only MHC I loci demonstrated 65% and 70% 

survival in the rat and mouse model respectively. Conversely, similarly matched skin and 

heart allografts were comprehensively rejected.210,238 Notably, murine models suggest that 

mismatching at minor histocompatibility loci may represent the greatest barrier to corneal 

allograft survival.238 Minor histocompatibility antigens include ABO, Rh and Lewis antigens. 

In human subjects, the role of HLA matching in corneal grafts is not clearly defined.239-242 

The major disadvantages of matching histocompatibility antigens are cost and treatment 

delay.  

 

Postoperative Measures 

 

In recent years, advances in the field of systemic immunosuppression have enhanced the 

survival of solid organ transplantation procedures such as kidney, heart and lung 

transplants.86 In contrast, immunosuppressive agents for corneal grafts are routinely restricted 
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to topical corticosteroids. Corneal graft failure does not pose a direct threat to life and 

therefore it is difficult to justify the use of systemic treatments in the context of their 

deleterious side effects. However, the accessibility of the cornea confers the advantage of 

regional treatment. 

Topical Immunosuppression 

Topical corticosteroids remain the primary therapy in the prevention and treatment of corneal 

graft rejection. The pharmacotherapeutic effects of corticosteroids are extensive and include; 

blockade of prostaglandin synthesis, decrease of both cellular and fibrinous exudation, 

inhibition of chemotaxis and phagocytosis, restoration of capillary permeability, stabilisation 

of the lysozomal membranes of polymophonuclear cells, and inhibition of graft 

vascularisation.199 

Despite their extensive use, there is no consensus on the optimum dose, frequency and 

duration of corticosteroid treatment.243 Studies have reported no significant difference in the 

incidence of corneal graft rejection between short-term or long-term topical corticosteroid 

therapies.244,245 

Topical cyclosporine treatment has been shown to be effective in reducing the risk of 

allograft rejection in high-risk patients.246-248 A 2004 study investigating prescribing patterns 

amongst corneal surgeons reported that 50% of respondent members of The Cornea Society 

(formerly the Castroviejo Society) routinely administer additional prophylaxis with topical 

cyclosporine in high-risk patients.243 

Systemic Immunosuppression 

Systemic immunosuppression is not routinely used following keratoplasty, but may be 

considered in grafts at high risk for rejection. Conclusive evidence demonstrating a 

therapeutic advantage is lacking, and there is concern about toxicity.235  

Cyclosporin A (CsA) is a highly T cell specific compound that prevents activation and 

nuclear translocation of transcription factors that are required for inflammatory cytokine 

production and T-cell activation.172 Although a number of studies have shown a limited 

beneficial effect of systemic cyclosporine A in preventing corneal graft rejection in high-risk 

keratoplasty,249,250 its use is limited by significant cost and side effects. Side effects have been 

reported to occur in up to 41% of patients251 and include nephrotoxicity, hepatotoxicity, 

gingival hyperplasia, paraesthesia, hypertension, and alterations in glucose metabolism.251 
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Tacrolimus is caclineurin inhibitor derived from the soil fungus Streptomyces tsukubaensis. 

The mechanism of action of tacrolimus is similar to CsA but with 10 to 100 times more 

immunosuppressive potential in vitro. 252 Early studies suggest that tacrolimus is relatively 

safe and effective in prolonging graft survival and may be considered in the context of high-

risk keratoplasty.253,254 

Mycophenolate mofetil is an anti-metabolite drug that blocks the proliferation of T and B 

cells by inhibiting the de novo synthesis of guanosine nucleotides through the reversible 

inhibition of inosine monophosphate dehydrogenase.255 Studies suggest that systemic 

immunosuppression with mycophenolate mofetil improves rejection-free graft survival 

following high-risk keratoplasty.251,255 Side effects include bone marrow suppression, 

hepatotoxicity, diarrhoea, nausea and gastrointestinal ulceration.252 

Treatment of Corneal Transplant Rejection 

Allograft rejection is a pathologic process that requires prompt and aggressive treatment in 

order to prevent subsequent graft failure. Patients should be counselled to seek medical 

attention at the onset of early symptoms of graft rejection.199 Reported rates of graft survival 

following an episode of graft rejection vary from 63.3% to 95.6%.204,256,257 This variation 

may reflect differences in diagnostic criteria, treatment regimens and the duration of follow 

up. Treatment strategies to reverse corneal graft rejection are largely empirical as there are no 

large randomised controlled trials from which a gold standard therapeutic protocol can be 

derived.245 Consequently, significant variability exists in the practice patterns of experienced 

corneal surgeons for the prevention and management of corneal graft rejection.243 

Topical Corticosteroids 

Topical corticosteroids remain the mainstay of treatment of corneal allograft rejection. 

Topically applied corticosteroids provide good ocular penetration and effective 

immunosuppression.199 Indeed, topical corticosteroid reaches the aqueous humour within 5 to 

30 minutes of application.258 Somewhat uniquely, in terms of human transplantation, direct 

access to the cornea enables direct application of corticosteroid to the target tissue, creating 

high concentrations of corticosteroid in the cornea and aqueous humour that are unobtainable 

with systemic treatment. (REF – see my drug safety paper if not already referenced). 

Although treatment regimens vary from centre to centre, most authors recommend a high 

frequency topical steroid regimen in the setting of corneal graft rejection.199,235,245 General 



64 
 

consensus suggests hourly instillation of topical steroids until the rejection process is arrested 

or reversed. Maintenance and tapering of topical steroids is tailored to the severity of the graft 

rejection and the response to therapy. 

Systemic Corticosteroids 

Systemic corticosteroids may be administered to complement topical corticosteroid therapy in 

severe rejection. The addition of systemic corticosteroids is believed to reduce the number of 

circulating T cells and inhibit their proliferation.199 Systemic administration can be either oral 

or intravenous.  

Intravenous Pulsed Corticosteroid Therapy 

Intravenous (IV) pulse therapy with methylprednisolone may be of use in the setting of 

corneal graft rejection. The precise mechanism by which pulse therapy reverses the rejection 

process remains to be elucidated. It has been proposed that pulse therapy induces a transient 

lymphopenia which is maximal at 4-5 hours and lasts up to 48 hours.199 This process affects 

T lymphocytes to a greater extent than B cells, and the entire process gives rise to a depletion 

of the helper cells.259  

Conclusive evidence supporting the use of IV pulse therapy is lacking. In a small prospective 

randomised trial including 48 grafts, Hill et al demonstrated that treatment with a single 

500mg IV dose of methylprednisolone combined with topical steroid was more effective and 

better tolerated than daily high dose oral prednisone with topical steroids, but the difference 

did not reach statistical significance.260 However, a significant advantage for pulse therapy 

was observed in patients who sought treatment early (less than or equal to 8 days). Moreover, 

pulse therapy appeared significantly beneficial in preventing subsequent rejection episodes. 

In a subsequent study, Hill et al demonstrated that a second treatment with IV 

methylprednisolone offered no additional advantage over a single dose.261  

Hudde et al performed a randomised controlled trial of corticosteroids regimens in 36 eyes 

with endothelial rejection and reported that additional systemic treatment with 500mg 

methylprednisolone yielded no significant benefit over intensive local corticosteroid alone.262 

Proponents of intravenous pulse therapy argue that larger study populations are required to 

prove the efficacy of additional systemic steroid treatment for episodes of graft rejection.263  
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2.4 TYPE OF GRAFT 

 

Introduction 

 

Full thickness replacement of corneal host with a full thickness donor button has long been 

the standard procedure for treating corneal opacification.264 In more recent years the field of 

corneal transplantation has evolved toward more targeted procedures that selectively replace 

only diseased layers of the cornea while retaining healthy layers. The concept of targeted or 

selective lamellar corneal replacement pivots around the fact that a significant proportion of 

corneal diseases tends to involve either the anterior corneal layers or the endothelial layer in 

isolation.100 Endothelial keratoplasty preserves relatively normal corneal stroma and 

architecture in most cases of endothelial dysfunction, whereas anterior lamellar keratoplasty 

preserves recipient endothelium in cases of anterior corneal disease.265 

 

Penetrating Keratoplasty 

Despite the ascendance of selective lamellar corneal replacement in the last decade, 

penetrating keratoplasty is still the most common corneal transplant procedure worldwide.266 

Conditions with widespread corneal involvement of all layers are not amenable to lamellar 

keratoplasty, and full thickness corneal transplantation will therefore continue to be indicated 

in these situations. Examples include deep stromal scars following trauma, infection or 

corneal hydrops in keratoconus. Penetrating keratoplasty remains the prevailing technique for 

the management of deep-seated corneal infection such as fungal keratitis unresponsive to 

medical therapy.100 Eyes with corneal scarring in the setting of a compromised corneal 

endothelium also require full thickness grafts.267 

 

Penetrating keratoplasty involves full thickness replacement of corneal host with a full 

thickness donor button. A trephine is used to cut the donor tissue resulting in inevitable 

endothelial cell loss at the cut edge; 8mm diameter donor tissue trephinations are associated 

with 6-9% donor endothelial cell damage.268,269 The central host cornea is also excised with a 

circular trephine, and the donor button is sutured to the host rim.266 Figure 2.4a shows a slit 

lamp photograph of two eyes with a full thickness corneal transplant with one eye showing a 

combination of twelve 10/0 nylon interrupted sutures and a continuous twelve bite 11/0 nylon 

suture and the other eye showing sixteen 10/0 nylon interrupted sutures.  
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Favourable visual outcomes require careful tissue handling, meticulous wound construction 

and tissue apposition at the graft-host junction.266 However, most cases will require some 

form of spectacle correction to maximise visual acuity and in a significant minority of eyes 

rigid contact lens may be required to treat high or irregular astigmatism induced by the 

irregular shape of the anterior graft surface.270-272 Other adverse outcomes include: ocular 

surface complications 273-275, suture related infections276,277, and in rare cases, devastating 

expulsive haemorrhage intraoperatively (or postoperatively).266  

 

 

 

Figure 2.4a Slit lamp photograph of an eye with a full thickness corneal transplant showing a 

combination of twelve 10/0 nylon interrupted sutures and a continuous twelve bite 11/0 nylon 

suture (right) (Courtesy of Professor CNJ McGhee) and slit lamp photograph of an eye with a 

full thickness corneal transplant showing sixteen 10/0 nylon interrupted sutures (left) 

 

Information on the survival of full thickness corneal grafts, and the identification of risk 

factors for corneal graft failure, has largely been derived from corneal transplantation 

registries. Registry data have indicated that the outcomes for penetrating keratoplasty are 

significantly influenced by the indication for surgery, being best for keratoconus.  reported 

ten year graft survival is 89% for keratoconus, 73% for Fuchs corneal endothelial dystrophy, 

70% for non-herpetic corneal scars, 60% for herpetic corneal scars, 40% for pseudophakic 

and aphakic corneal oedema, and 37% for regrafts.194  
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Donor endothelial cell loss is the most common cause of graft failure.100 In addition to 

endothelial failure secondary to immune rejection, donor corneal endothelial cell loss is 

progressive even in the absence of rejection.  

 

Deep Anterior Lamellar Keratoplasty 

 

Deep anterior lamellar keratoplasty (DALK) techniques aim to selectively replace diseased 

corneal stroma while preserving healthy recipient endothelium. The advantages of deep 

anterior lamellar keratoplasty over penetrating keratoplasty may be summarised as follows: 

267  

 

1) Avoidance of immune rejection of the corneal endothelium 

2) Decreased requirement for topical corticosteroids 

3) Earlier removal of corneal sutures 

4) Greater tectonic strength  

5) Minor loss of endothelial cell density 

6)  Primarily extraocular rather than intraocular 

 

The preservation of host endothelium is considered a major advantage given that the 

continual attrition of endothelial cells remains an important reason for late graft failure in 

penetrating keratoplasty.100 Although proof of improved long term graft survival in deep 

anterior lamellar keratoplasty (DALK) is lacking, postoperative data indicate that DALK is 

superior to PK for preservation of endothelial cell density.267 The absence of a clear survival 

advantage of DALK over PK may be because immune rejection after PK for keratoconus is 

less likely than other indications and keratoconus is the most common indication for 

DALK.267 A recent major review 267 concluded that DALK is equivalent of PK for the 

outcome measure of best corrected visual acuity, particularly if the surgical technique yields 

minimal residual host stromal thickness.  There is no advantage to DALK in terms of 

ametropia or astigmatism outcomes.267 

 

The surgical challenge of deep anterior lamellar keratoplasty resides in the technical 

difficulty inherent in separating the anterior stromal layers from Descemet’s membrane and 

endothelium.100 Several techniques have been described to allow for lamellar separation 
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down to Descemet’s membrane with safety and consistency and may involve the use of air, 

balanced salt solutions, or viscoelastic.278  

 

Deep anterior lamellar keratoplasty has several unique complications. These include 

microperforations or marcoperforations of Descemet’s membrane, a postoperative double 

anterior chamber secondary to separation of donor tissue from host Descemet’s membrane, 

and interface irregularities. Intraoperative perforation rates vary from 4% to 39%, whereas, 

conversion rates to penetrating keratoplasty have been reported to range from 0% to 14%.100  

 

 

 

Figure 2.4b Slit lamp photographs showing the preoperative and postoperative appearance of 

an eye which underwent deep anterior lamellar keratoplasty to treat corneal scarring 

following contact lens related pseudomonas keratitis, (Courtesy of Prof CNJ McGhee) 

 

Deep anterior lamellar keratoplasty surgery is ideally suited for purely corneal stroma disease 

with normal or healthy endothelium.100,267 Suitable conditions include keratoconus, stromal 

scars, anterior stromal dystrophies, refractive surgery complications, and various ocular 

surface diseases.  Figure 2.4b shows the preoperative and postoperative appearance of an eye 

which underwent deep anterior lamellar keratoplasty to treat corneal scarring following 

contact lens related pseudomonas keratitis. 
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Endothelial Keratoplasty 

 

The concept of a posterior lamellar keratoplasty procedure to replace host endothelium, 

Descemet’s membrane, and posterior stroma, with donor tissue of a similar configuration 

279,280 was first introduced by Melles in the late 1990s. Figure 2.4c demonstrates an eye with 

an endothelial (DSEK) graft. Since its inception, endothelial keratoplasty has evolved from 

deep lamellar endothelial keratoplasty (DLEK), to Descemet stripping endothelial 

keratoplasty (DSEK), and more recently to Descemet’s membrane endothelial keratoplasty 

(DMEK). Important modifications in surgical technique include reduction of incision size, 

and changes in tissue preparation, configuration and placement. 

 

  

Figure 2.4c Slit lamp photographs on an eye with an endothelial graft (DSEK) for Fuchs 

endothelial corneal dystrophy, (Courtesy of Prof CNJ McGhee) 

 

Widespread adoption of the initial DLEK technique was hindered by technical difficulties 

associated with manual stromal lamellar dissection of the host and donor tissue.266 

Endothelial keratoplasty became more extensively employed with the realisation that host 

Descemet’s membrane and endothelium could be easily stripped from the posterior stroma, 

thereby eliminating the need for manual stromal lamellar dissection.266 The donor lenticule 

could then be apposed to the smooth posterior stroma using an air tamponade without the 

requirement for a dissected recipient bed. Figure 2.4d demonstrates the presence of the air 

bubble in the anterior chamber of the eye following endothelial keratoplasty. This technique, 

known as Descemet stripping endothelial keratoplasty (DSEK), was further simplified by the 
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application of semi-automated mechanical microkeratomes to prepare the donor tissue: 

Descemet stripping automated endothelial keratoplasty (DSAEK).  

 

 

Figure 2.4d Slit lamp photograph showing a DSEK in good position, day one after an 

endothelial graft. Note the presence of a 45-50% air bubble in the upper anterior chamber and 

the “F” marking (at 7.30 clock hours) to orientate the anterior surface of the keratoplasty, 

(Courtesy of Prof CNJ McGhee).  

Newer incarnations of endothelial keratoplasty include Descemet’s membrane endothelial 

keratoplasty (DMEK)281 and Descemet’s membrane automated endothelial keratoplasty 

(DMAEK)282 where only Descemet’s membrane and endothelium are transplanted compared 

with the additional layer of stroma in DSEK and DSAEK.100 More selective replacement 

allows improved corneal thickness and posterior curvature but is associated with increased 

technical difficulties in tissue preparation, insertion, manipulation and adhesion.283  

 

Endothelial keratoplasty has several advantages over traditional penetrating keratoplasty. The 

operation is a small incision technique, greatly minimising the risk of the severe, albeit rare 

complication of suprachoroidal or expulsive haemorrhage.100,284,285 Moreover, there is 

minimal disruption of the ocular surface allowing greater preservation of normal corneal 

innervation. The small incision and absence of sutures results in a tectonically stronger eye 

with faster postoperative visual rehabilitation, and avoidance of suture related complications. 

The refractive changes are more predictable and there is less likelihood of an astigmatic shift. 
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However, a hyperopic shift in refraction following endothelial keratoplasty has been reported 

secondary to a reduction in the optical power of the cornea.265 Figure 2.4e shows an anterior 

segment optical coherence tomography image of an eye an endothelial graft. 

 

 

 

Figure 2.4e Anterior segment optical coherence tomography image of an eye with a 

manually dissected (DSEK) endothelial graft, (Courtesy of Prof CNJ McGhee) 

 

The work of Khodadoust and Silverstein 201 demonstrated that all three layers of the cornea 

(epithelium, stroma and endothelial) are independently susceptible to rejection. Endothelial 

keratoplasty was initially postulated to be associated with a lower likelihood of graft rejection 

given the fact that less tissue is transplanted, however definitive proof is lacking. Although 

Allan et al286 reported significantly reduced rates of rejection after endothelial keratoplasty 

compared with penetrating keratoplasty, the authors commented that the apparent differences 

may have simply been a product of relatively prolonged postoperative topical steroid cover in 

endothelial keratoplasty patients. A large series from the Price group of 598 cases of DSEK 

demonstrated that the cumulative probability of experiencing a rejection episode was 8% at 1 

year and 12% at 2 years; with the authors concluding that this was not significantly lower 

than penetrating keratoplasty with the use of the same postoperative corticosteroid 

regimen.287 However, the Price group recently reported that the 3-year predicted probability 

of a rejection episode was significantly lower with DSAEK (9%) compared with penetrating 

keratoplasty.288 Furthermore, a recent study reported that patients undergoing DMEK had a 

significantly reduced risk of experiencing a rejection episode within 2 years after surgery 

compared with DSEK and PK performed for similar indications using the same corticosteroid 

regimen.289  
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The main complication of endothelial keratoplasty is the unpredictability of donor tissue 

adhesion resulting in variable rates of dislocation, ranging from as high as 50% in  early 

series ,290-292 to as low as 4%292 after modifications to insertion technique and overcoming the 

initial learning curve.100 Dislocation is a significant adverse event since the process of 

reattaching the dislocated donor disc results in significant and further reduction in endothelial 

cell density.292  

 

Another major issue in endothelial keratoplasty is endothelial cell loss. Donor endothelial cell 

loss is much higher in the first month following endothelial keratoplasty compared to 

penetrating keratoplasty.293 However, the rate of endothelial cell loss rapidly decreases 

beyond 6 months after DSEK, and at 5 years the endothelial cell loss is lower in endothelial 

keratoplasty (53%) compared with penetrating keratoplasty (70%).294 

 

Minimising trauma to the endothelial cell population during tissue insertion improves 

endothelial cell survival. Although reductions in wound size confer enhanced tectonic 

integrity, they impose increased tissue manipulation with the attendant threat to the 

endothelial population during insertion. Ex vivo human cornea models have demonstrated 

that smaller 3mm limbal incisions are associated with greater cell loss (30%) compared with 

larger 5mm incisions (18 to 20%).268 Endothelial cell damage was highest when the donor 

tissue was compressed through a 3mm incision without folding.268 Forceps insertion of folded 

tissue has been demonstrated to minimise trauma during tissue insertion. Moreover, a number 

of customised insertion devices have been used to deliver donor tissue with decreased 

endothelial cell loss compared to forceps insertion in human corneas ex vivo.100,266  

 

Keratoprosthesis 

No keratoprostheses were implanted during the study period. Though this procedure is not 

currently performed in New Zealand, under special circumstances there is scope for patients 

to travel overseas for this treatment.  
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SECTION II 

 

Methods  
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CHAPTER 3 

 

Methods of Data Collection 
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3.1 METHODS OF DATA COLLECTION 

 

Introduction 

The purpose of this study was to seek information regarding corneal transplants performed in 

the Auckland region over a ten year period. A retrospective review of Auckland patient case 

notes was performed.  The study was approved by the Northern X Regional Ethics 

Committee, Auckland. The corneal service was based within the Wallace Block, Auckland 

Hospital until 2005, but since 2005 has been based in Greenlane Clinical Centre, Greenlane 

Hospital, Auckland. Until 2001 all corneal transplants from the Auckland metropolitan 

region, performed in the public hospital service, were either performed at Auckland Hospital 

or Greenlane Clinical Centre. It is important to note that Auckland City Hospital is the largest 

specialist centre in New Zealand and receives tertiary referrals from all over New Zealand 

and the Pacific. Therefore, this study is representative of the corneal transplant procedures 

performed in the Auckland region rather than being representative of the patients domiciled 

within the catchment area of Auckland City Hospital per se. 

 

Identifying Corneal Transplant Procedures 

 

Established in 1989, the New Zealand National Eye Bank (NZNEB) is a charitable non-profit 

organisation dedicated to the provision of donated corneal, scleral, and more recently, 

amniotic membrane tissue throughout New Zealand. The Eye Bank is responsible for all 

aspects of the process for provision of safe, high quality tissue including acquisition, storage 

and distribution. Since its inception, the NZNEB has been the primary supplier of donated 

ocular tissue for transplantation in New Zealand.  

 

The NZNEB has established, and maintained, a standard, comprehensive database of all 

tissue donated to the service over the last 24 years. Information is recorded in the electronic 

NZNEB database in a prospective manner by eye bank staff. Donor details are chronicled at 

the time of donor tissue procurement. Donor information includes demographic data, donor 

source and cause of death, death to preservation interval (DPI), corneal endothelial density, 

and storage duration. Recipient and surgical information is obtained at the time of 

transplantation. Recipient details include demographic data, preoperative diagnosis, ocular 

history, and associated ocular conditions. Information regarding the surgical procedure 
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includes graft size, additional operative procedures, suture type and technique, and any intra-

operative complications.192  

 

The NZNEB records were analysed for the decade 1st January 2000 to 31st December 2009 

inclusive. A total of 1,055 corneal transplant procedures were identified as being performed 

in the Auckland region during this time frame; comprising 47.2% of all corneal 

transplantation procedures in New Zealand.140 A limbal/stem cell/conjunctival graft was 

excluded from analysis, leaving a total of 1,054 corneal transplant procedures. The study 

encompassed procedures performed in both the public service (a single specialist unit) and in 

private practice (two subspecialty units). Remarkably, of a total of 1,054 procedures, 996 

(94.5%) cases were performed directly or under the supervision of only four surgeons, each 

operating in both the private and public sphere. Procedures performed by five surgeons 

operating exclusively in the private sector were therefore excluded in order to minimise 

potential surgeon factors (this accounted for exclusion of 58 procedures). 

 

Method of Data Collection 

Case notes were identified and retrieved in a systematic manner from Auckland District 

Health board and private practice clinical records for 996 procedures. Insufficient clinical 

data were available for 55 procedures, and these were therefore excluded from further 

analysis. Detailed clinical data was therefore obtained for a total of 941 (94.5%) corneal 

transplantation procedures; 834 penetrating keratoplasty, 73 deep anterior lamellar 

keratoplasty, 28 endothelial keratoplasty, and 6 patch grafts. These 941 transplant procedures 

corresponded to a total of 770 unique patients as some patients underwent more than one 

procedure during the study period. No kerato-prostheses were implanted during the study 

period. If both eyes of the same patient underwent corneal transplantation during the study 

period, adjustments were performed in the statistical analysis to account for within patient 

clustering. In the event that any given eye underwent more than one transplantation procedure 

during the study procedure, only the first event was included for analysis. Following the 

exclusion of multiple transplant events, there were 777 penetrating keratoplasty eyes, 72 deep 

anterior lamellar keratoplasty eyes, and 27 endothelial keratoplasty eyes (n= 876).  

 

Data collection included recipient baseline factors, treatment measures, and outcome 

measures. Donor information was also collected. Baseline factors included patient 
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demographics (age, gender, ethnicity, occupation, deprivation index of domicile and distance 

in kilometres from place of domicile to treatment centre), past medical history, past ocular 

history (previous corneal transplant, history of trauma, glaucoma, quadrants of 

neovascularisation, previous intraocular surgery), medication history (including history of 

drug allergy), clinical indication for surgery (disease process and presenting symptom), 

preoperative best corrected visual acuity, operation side (left or right), and geograpic location 

of procedure (private or public) . Data on corneal sensation was not consistently available and 

therefore was not recorded. Treatment details included the operation date, operating surgeon, 

type of graft, host and donor trephine size, suture technique, additional operative procedures, 

and any intraoperative complications. Post operative treatment measures including the 

medication regimen and additional operative procedures were also recorded.  

 

Outcome measures included visual acuity, refraction and computerised tomography, 

complications including allograft rejection, and graft survival. Information regarding patient 

attendance was also collected including the number of appointments offered to the patient, 

and the number of appoinments attended by the patient. In addition to the final outcome 

results, details of patient progress were also recorded at the following time intervals post 

surgery; two weeks, three months, six months, 12 months, 18 months, 24 months, and yearly 

therafter. 

 

Method of Recording Patient Demographic Factors 

 

Information on patient socioeconomic and demographic factors was collected. A number of 

factors were examined including; age, gender, ethnicity, treatment facility (public or private 

sector), level of deprivation, employment status, and proximity to treatment centre. 

Descriptive data pertaining to patient characteristics refers to eyes rather than individuals. For 

the purpose of statistical analysis, repeat grafts in the same eye or grafts in the fellow eye 

received by the same patient during the study period were excluded in order to avoid the issue 

of inter-eye correlation. 

Recording Ethnicity 

In New Zealand it is generally accepted that ethnicity is a culturally constructed concept.295 A 

2001 Statistics New Zealand review of ethnicity statistics commented that it “is our right to 

name our identity and to have our ethnicity recorded as we wish”.296 Various factors 
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influence the way in which individuals classify their ethnicity, one of which can be 

nationality.295 In New Zealand there has been ongoing debate whether people should be able 

to construct their ethnicity on the basis of New Zealand nationality. 

 

Ethnicity data may be represented in several ways including; ‘total response’, 

‘sole/combination’, and ’prioritised’.295 Total response allows respondents to identify with 

multiple ethnic groups. Respondents are assigned to each of the specified ethnic groups; 

therefore overall percentages are greater than 100 per cent. ‘Sole/combination’ allocates 

respondents to a single category of sole or multiple ethnic groups. Prioritisation assigns each 

person to just one ethnic group, even when a multiple response is given. Prioritisation is 

contrary to the self-perceived definition of ethnicity and to multiple group identification.295 It 

gives priority to non-European groups and special priority to Maori and Pacific peoples, 

when multiple responses are given for the ethnicity question. The result is the loss of detail of 

the specific groups each person has identified with, as well as the data being produced on 

assumptions about identification that may not be appropriate.295  

 

In the current study, priority recording was used to collect ethnicity data. Patients were 

initially divided into 9 categories: NZ European, Maori, Samoan, Tongan, Other Pasifika, 

Asian, Indian, Middle Eastern, and other. In order to achieve ethnicity groupings with ample 

patient numbers, ethnicity data was subsequently condensed into 5 categories: NZ European, 

Maori, Pasifika, Indian, and other. 

In terms of ethnicity, a limitation of this study is that approximately one-third of patients 

travelled from outside the Auckland region in order to receive treatment. Consequently, the 

corneal transplant recipient population was compared to both the Auckland and New Zealand 

populations. The ethnic composition of individuals undergoing corneal transplantation was 

compared with the overall New Zealand and Auckland populations using data from the 2006 

New Zealand Census. 

Recording Level of Deprivation 

The level of deprivation was derived from the New Zealand Deprivation Index which reflects 

aspects of social and material deprivation for small geographic areas known as Census Area 

Units (CAU).297 The deprivation index was determined from the patient’s address at the time 

of surgery. The index combines nine variables from the Census of Population and Dwellings, 
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including income threshold and income source, employment, qualification, family type, and 

housing. The nine variables in decreasing weight in the index are provided in Table 3.1a. 

Dimension of Deprivation298 Variable Description 

Income  People aged 18–59 receiving a means tests 

benefit 

Employment People aged 18–59 years who are unemployed 

Income People living in equivalised* households with 

income below an income threshold 

Communication People with no access to a telephone 

Transport People with no access to a car 

Support People aged less than 60 years living in a single 

parent family 

Qualifications People aged 18–59 years without any 

qualifications 

Living Space People living in equivalised* households below 

a bedroom occupancy threshold 

Owned Home People not living in own home 

*Equivalisation: method used to standardise household composition and size. 

Table 3.1a Variables in the New Zealand Deprivation Index, as used to classify deprivation 

for the purposes of the current study 

Each of the 1,792 inhabited census area units (CAU) is allocated an average population-

weighted deprivation score.297 The index scale ranges from 1 to 10, where 1 represents the 

least deprived areas and 10 represents the most deprived areas. A value of 10 indicates that 

the area is in the most deprived 10 per cent of areas on New Zealand. It is important to note 

that deprivation scores apply to areas rather than individual people, and not all residents 

within a certain area will share the same characteristics in terms of deprivation.297 However, 

the deprivation index provides an important gauge of a community’s socio-economic 

composition. 

Recording Employment Status 

Patients are routinely asked to record the nature of their employment as part of enrolment 

documentation; however patients may decline to answer. The employment status of the 
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corneal graft recipient was categorised into one of eight groupings: employed, unemployed, 

retired, student, sickness beneficiary, prisoner, housewife or househusband, and unknown. 

 

Recording Proximity to Treatment Centre 

The patient’s address at the time of surgery was recorded, and the distance in minutes and 

kilometres (km) from the domicile to the treatment centre was calculated using the online 

wises map “Get Driving Directions” function. This was accessed at http://www.wises.co.nz/, 

as shown in Figure 3.1a. 

 

Figure 3.1a Online wises maps “Get Driving Directions” which provides a direct route and 

total journal distance and was used to calculate distance form patients domicile to treatment 

centre. 

The distance values were then categorised into 11 categories; within 5 km, 5 to 10km, >10 to 

25 km, >25 to 100km, >100 to 250km, >250 to 500km, >500km to 1000km, >1000km, 

domiciled in the South Island, domiciled overseas, and unknown. 

Method of Recording Indication for Corneal Transplantation 

The reason for corneal transplantation and the clinical indication for corneal transplantation 

were recorded. 

 

http://www.wises.co.nz/
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Recording the Reason for Corneal Transplantation 

The reasons for corneal transplantation were decreased vision (optical), pain, tectonic, patch 

graft, non-healing infection, provision of autograft, bleed into DALK graft, and cosmesis.  

 

Recording Best Corrected Snellen Visual Acuity 

The preoperative best corrected Snellen visual acuity (BCSVA) was recorded. The BCSVA 

was defined as the best vision obtained with spectacles, contact lens or refraction. In the 

event that only the pinhole visual acuity was available, it was recorded as the BCSVA for 

statistical purpose. 

Recording the Clinical Indication for Surgery 

The clinical indication for surgery was recorded. For ease of presentation and analysis, the 

clinical indications for corneal transplantation were subsequently subdivided into 8 

categories: keratoconus, bullous keratopathy, corneal dystrophy, corneal ulceration, HSV 

keratitis, trauma, regraft, and other. If the patient suffered from more than one ocular 

pathology, only the primary clinical indication was recorded. In these instances, secondary 

problems were recorded as associated ocular conditions.  

The term bullous keratopathy incorporated both aphakic and pseudophakic forms. The type 

of bullous keratopathy, aphakic or pseudophakic, was described in a separate column.  Other 

causes of endothelial oedema such as retinal detachment surgery and glaucoma were 

incorporated in the ‘other’ category.  

The corneal dystrophy category included Fuchs endothelial dystrophy, macular, granular and 

lattice stromal dystrophy, Reis-Bücklers’ dystrophy, congenital hereditary endothelial 

dystrophy, and non-specified corneal dystrophy. Cases where a diagnosis of Fuchs preceded 

cataract surgery were included as corneal dystrophy, even if the corneal oedema deteriorated 

following cataract surgery.  

Ulcerative conditions comprised both acute and post-acute infectious (bacterial, fungal, or 

parasitic) and sterile (neurotrophic and immunologic) corneal ulcers. Cases of corneal 

melting and corneal perforation were categorised according to the underlying aetiology, such 

as an ulcerative condition or trauma.  

The category of viral keratitis incorporated both herpes simplex and herpes zoster keratitis.  
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The category of trauma was applied for both recent and historical traumas in which the 

inciting event was deemed to initiate the eventual corneal pathology. Those eyes that had 

undergone a previous corneal transplant were classified as a regraft. The original indication 

for surgery was recorded separately.  

The ‘other’ category contained a total of 44 procedures and incorporated miscellaneous 

indications such as interstitial keratitis, autograft, congenital glaucoma, Steven-Johnsons 

syndrome, limbal or corneal dermoid, unknown corneal ectasia, corneal ectasia post 

refractive surgery, band keratopathy, non-traumatic corneal blood staining, marginal pellucid 

degeneration, limbal squamous cell carcinoma, iridocorneal endothelial syndrome, idiopathic 

corneal scarring, and other causes of corneal oedema.  

Method of Recording Past Ocular History and Past Medical History 

Information on past ocular history was recorded under the following headings; contralateral 

graft, trauma, glaucoma, uveitis, pterygium, scarring, quadrants of neovascularisation, and 

lens status (phakic, pseudophakic, aphakic, secondary intraocular lens). Information on 

medical history was recorded.  

Method of Recording Type of Corneal Transplant and Associated Procedures 

Corneal Transplant Type 

The corneal transplantation type was recorded in the following specified categories; 

penetrating keratoplasty, anterior lamellar keratoplasty, Descemet’s stripping endothelial 

keratoplasty, and tectonic ‘patch’ keratoplasty. In the event that a planned anterior lamellar 

keratoplasty graft was converted to a penetrating keratoplasty graft, the eye was recorded as a 

penetrating keratoplasty graft. 

Surgical Technique and Associated Procedures, and Postoperative Procedures 

The analysis was limited to full thickness grafts because of the relatively small numbers of 

DALK and DSAEK/DSEK procedures. Data were collected on aspects of the surgical 

technique including; donor trephine size, recipient trephine size, size disparity between host 

and recipient button, and suture type and suture technique. Information on associated 

procedures was recorded. Information on postoperative procedures was recorded.  
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Method of Recording Postoperative Complications 

Information on postoperative complications was recorded, and the interval from keratoplasty 

to the development of the complication was recorded. Postoperative episodes of elevated 

intraocular pressure and rejection were recorded separately.  

 

Loose sutures 

In order to investigate factors associated with loose sutures a generalised linear mixed model 

was fitted with loose suture or not as the binary outcome, a logit link and patient included as 

a random effect to adjust for within patient clustering where a patient had both eyes operated 

on within the data collection time period.  The explanatory variables included were gender, 

age, deprivation, indication, distance, private/public and suture form. 

 

A random effect refers to subject-specific effects whereas fixed effects refer to the 

population-average. A mixed model contains both fixed (all other variables) and random 

effects. Including a variable as a random effect allows it distribution to be modelled and 

consequently allows the results to be generalised to the population from which the members 

have been sampled. Furthermore, members that do not have as much information or are more 

extreme are adjusted towards the distribution of the variable. 

Raised Intraocular Pressure 

The clinical records were examined in order to identify episodes of raised intraocular 

pressure. For the purpose of analysis, normal intraocular pressure was defined as 11-

21mmHg. Any interventions in response to elevation of intraocular pressure rise were 

recorded. 

 

In order to investigate factors associated with raised intraocular pressure within the first 2 

years a generalised linear mixed model was fitted with ‘episode of raised intraocular pressure 

or not’ as the binary outcome. A logit link was included as a random effect to adjust for 

within patient clustering where a patient had had both eyes operated on within the data 

collection time period. The explanatory variable included were; gender, age, ethnicity (5 

categories: European, Maori, Pasifika, Indian and Other), indication (keratoconus, bullous 

keratopathy, corneal dystrophy, corneal ulceration, viral keratitis, trauma, regraft, and other), 

preoperative best corrected visual acuity (continuous), previous intraocular surgery  (binary), 
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previous contralateral  graft (binary), atopy  (binary), history of raised intraocular pressure 

(binary), quadrants of neovascularisation (continuous), and size of donor button (continuous). 

 

Corneal Graft Rejection 

The clinical records were examined in order to identify episodes of corneal graft rejection. 

Any interventions in response to corneal graft rejection were recorded. 

 

Statistical Analysis  

Following the exclusion of multiple transplant events, there were 777 penetrating 

keratoplasty eyes. In order to investigate factors associated with corneal graft rejection within 

the first 2 years a generalised linear mixed model was fitted with ‘episode of corneal graft 

rejection or not’ as the binary outcome. A logit link was included as a random effect to adjust 

for within patient clustering where a patient had had both eyes operated on within the data 

collection time period. The explanatory variable included were; gender, age, ethnicity (5 

categories: European, Maori, Pasifika, Indian and Other), indication (keratoconus, bullous 

keratopathy, corneal dystrophy, corneal ulceration, viral keratitis, trauma, regraft, and other), 

preoperative best corrected visual acuity (continuous), previous intraocular surgery  (binary), 

previous contralateral  graft (binary), atopy  (binary), history of raised intraocular pressure 

(binary), quadrants of neovascularisation (continuous), and size of donor button (continuous). 

 

Best Corrected Snellen Visual acuity 

 

Surviving grafts with two year follow up information were included for analysis. The best 

corrected Snellen visual acuity (BCSVA) was defined as the best vision obtained with 

spectacles, contact lens or refraction. In the event that only the pinhole visual acuity was 

available, it was recorded as the BCSVA for statistical purpose. For each eye, both the 

preoperative BCSVA and the BCSVA at the time of two year follow-up were recorded. Eyes 

were excluded if BCSVA data was not available for both time points. The BCSVA at the 

time of the most recent examination was also recorded. Information on concurrent ocular 

disease was also obtained. 
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Methods of Assessing Corneal Graft Survival 

The clinical records were examined in order to identify episodes of corneal graft rejection. 

Any interventions in response to corneal graft rejection were recorded. 

An analysis was performed in order to determine the survival rate at 2 years. Analysis of graft 

survival had graft failure as the primary endpoint. Graft failure was defined as irreversible 

loss of optical clarity, or regraft for any reason. The date of graft failure (as recorded by the 

surgeon in the cases notes) was selected as the time point of graft failure. Graft failure 

analysis performed in the current thesis focused on penetrating keratoplasty procedures only, 

consisting of 833 consecutive cases performed over a ten year period. To allow accurate 

statistical analysis, only 1 graft per eye per patient was included, leaving a total of 777 grafts 

for analysis. For eyes that underwent multiple transplants within the study period, only the 

first graft was selected for the analysis. 

In order to investigate factors associated with corneal graft failure within the first 2 years a 

generalised linear mixed model was fitted with ‘failed or not’ as the binary outcome. A logit 

link was included as a random effect to adjust for within patient clustering where a patient 

had had both eyes operated on within the data collection time period.  As there were a large 

number of variables considered likely to influence the result initially the analysis was run 

only including the baseline and demographic variables. The variables which appeared to be 

associated with outcome were selected from these baseline variables and included along with 

the intra and postoperative explanatory variables. 

The baselines variables included in the initial analysis were; age in years,  gender, level of 

deprivation (scale of 1-10), ethnicity (5 categories: European, Maori, Pasifika, Indian and 

Other),  distance in kilometres from treatment centre (continuous), atopy  (binary), smoker (3 

categories – smoker, ex-smoker, non-smoker), indication (keratoconus, bullous keratopathy, 

corneal dystrophy, corneal ulceration, viral keratitis, trauma, regraft, and other), previous 

contralateral  graft (binary), preoperative best corrected visual acuity (continuous), quadrants 

of neovascularisation (continuous), previous intraocular surgery  (binary), and private or 

public treatment centre (binary). 

The intraoperative variables added to the selected demographic variables were; size of donor 

button (continuous), donor-host button size disparity (continuous), suture type (interrupted, 

continuous or mixed), additional procedures (binary), and positive vitreous pressure (binary). 

The postoperative variables added to the selected demographic variables were epithelial 
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defect (binary), episodes of raised intraocular pressure (continuous), number of rejection 

episodes (continuous), episodes of loose sutures (binary), and appointment compliance 

(percentage). 

A Cox proportional hazards regression was performed, adjusting for the within person cluster 

effect of those with 2 eyes. In addition to indication, age, preoperative best corrected visual 

acuity and previous history of a contralateral graft were also included in the analysis. These 

variables were included to adjust for their effect rather than to investigate them in their own 

right. 

Methods of Assessing Treatment Adherence 

The outcome measures were appointment compliance and two-year follow up completion. In 

addition to the final outcome results, details of patient progress and attendance were also 

recorded at the following time intervals post-surgery; two weeks, three months, six months, 

12 months, 18 months, 24 months, and yearly thereafter. The patient was considered to have 

regular follow up if they were reviewed at the aforementioned time intervals up to 24 months, 

regardless of whether or not the appointments were rescheduled due to non-attendance. The 

number of scheduled appointments that were offered to the patient and the number that were 

kept by the patient were recorded, and a percentage obtained constituting appointment 

compliance. The patients were then empirically divided into three categories; 1) good 

attendance -attended more than 90% of the time, 2) moderate attendance - attended between 

90% and 50% of the time, and 3) poor attendance - attended fewer than 50% of scheduled 

appointments.  

Two-year follow up completion was defined as PKP where two year follow up information 

was available. These grafts were further categorised as having either survived or failed. 

Patients who were lost to follow up as a result of non-attendance were considered to have 

incomplete two year follow up. Patients who were deceased, discharged, or followed up in 

another treatment centre were excluded from analysis.  

Risk factors that were selected for inclusion in the statistical analysis were classified as 

demographic variables, ophthalmic variables, and medical variables.  

Demographic variables included treatment centre, gender, age, ethnicity, proximity to 

treatment centre, and level of deprivation. Proximity to treatment centre was calculated as the 

distance in kilometres from the patient’s residence to the treatment centre. The distance 

values were then categorised into 11 categories; within 5 km, 5 to 10km, >10 to 25 km, >25 
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to 100km, >100 to 250km, >250 to 500km, >500km to 1000km, >1000km, domiciled in the 

South Island, domiciled overseas, and unknown.  

The level of deprivation was derived from the New Zealand Deprivation Index which reflects 

aspects of social and material deprivation for small geographic areas.297 The index scale 

ranges from 1 to 10, where 1 represents the least deprived areas and 10 represents the most 

deprived areas. A value of 10 indicates that the area is in the most deprived 10 per cent of 

areas on New Zealand.  The deprivation index was determined from the patient’s address at 

the time of surgery.  

Ophthalmic variables included; indication, preoperative best corrected visual acuity, previous 

intraocular surgery in the graft eye, and history of corneal transplantation in the contralateral 

eye. Indications were categorised into eight groups: keratoconus, bullous keratopathy, corneal 

dystrophy, corneal ulceration, viral keratitis, trauma, regraft, and other. Medical variables 

included a history of atopic disease (asthma, hay fever or eczema), and smoking status. 

Method of Statistical Analysis 

In order to investigate factors associated with appointment compliance, a generalised linear 

mixed model was used with attendance classified as lost to follow up due to lack of 

attendance, and poor, moderate and good attendance as the ordinal outcomes. ‘Patient’ was 

included as a random effect and gender, age, ethnicity, level of deprivation, proximity to 

treatment centre, indication, preoperative best corrected visual acuity, previous intraocular 

surgery, previous contralateral graft, atopy and smoking were included as explanatory 

variables. The proportional odds assumption was violated, meaning that the relationship of 

some of the explanatory variables with the outcome differed across the categories of the 

ordinal outcome. The outcome was therefore split into those who completed follow up and a 

second analysis with outcome of lost to follow up or not. 

 

 

3.2 METHODS USED IN CORNEAL EVALUATION 

Visual Acuity 

The visual process incorporates several functions including central resolution (vision), 

minimal light sensitivity, contrast sensitivity, motion detection, colour perception, colour 

contrast, and peripheral vision.299 Visual perception comprises a multifarious interplay 
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involving: stimulation of appropriate rods and cones, neural integration at the retinal, 

occipital and parietal levels, and cogent cerebral recognition.300 

 

The measurement of visual acuity is the most common, and arguably the most useful method 

of assessing visual function.301 Visual acuity is a measure of the spatial resolution of the 

visual processing system, and is defined as the ability to discriminate two stimuli separated in 

space. The minimal angle of resolution (MAR) required by the human visual system to 

distinguish two different stimuli is defined as the threshold of resolution.299 In a healthy 

observer in best focus, the MAR is between 30 seconds of arc and 1 minute of arc.299 

The most familiar visual acuity examination chart is the Snellen chart, introduced by Herman 

Snellen in 1862.299 The Snellen test is based on the minimal angle of resolution and assumes 

that a subject with normal visual acuity can resolve an optotype with a visual angle of 5 

minutes of arc, and a resolution angle of 1 minute of arc.301 Optotypes are standardised 

symbols for testing vision and are typically specially shaped letters, numbers or geometric 

shapes. Snellen proposed a testing distance of six metres as this was considered to be 

sufficient distance to approximate infinity from an optical perspective, the distance at which 

accommodation is negligible.300  

 

On examination, the smallest line of the chart that the subject can read is usually taken to 

signify best vision. Vision is typically recorded as a fraction in which the numerator is the 

testing distance (in metres or feet, d) and the denominator is the distance (in metres or feet, 

D) at which a letter subtends the standard visual angle of 5 minutes of arc.299  

Therefore, on the 6/6 line (20/20 in feet), the letter subtends an angle of 5 minutes of arc 

when viewed at 6 metres. On the 6/12 line (20/40 in feet), the letters subtend an angle of 10 

minutes of arc when viewed at 6 metres (20 feet), or 5 minutes of arc when viewed at 12 

metres (40 feet). When visual acuity is below the largest optotype of the chart, the reading 

distance is reduced. If the subject is unable to read the chart at any distance, then the ability to 

count fingers, detect hand movements or have light perception should be evaluated. 

   

The legal definition of blindness in New Zealand is based on the internationally accepted 

World Health Organization’s (WHO) definition which has been incorporated into the 

International Statistical Classification of Diseases and Related Health Problems. Legal 

blindness is defined as visual acuity of less than 3/60 in the better eye with best possible 
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correction, or horizontal visual fields of less than 20 degrees. The WHO definition of visual 

impairment corresponds to a visual acuity between 6/18 and 6/60 in the better eye after best 

possible correction, or a field of vision between 20 to 30 degrees. The visual standard for 

driving in New Zealand (Class 1 licence) requires a minimum combined visual acuity of 6/12 

(with or without correcting lenses), and a visual field of 140 degrees. 

 

Visual acuity is typically assessed monocularly; initially unaided (or with the patient’s 

habitual distance spectacles) and subsequently using a pinhole aperture. Pinhole acuity 

provides a gauge of the potential best corrected visual acuity. The pinhole admits central rays 

of light that do not require refraction, increasing the eye’s depth of focus and decreasing the 

light-scattering effect of lenticular opacities.  A difference between unaided and pinhole 

acuity implies that refractive correction might improve visual acuity. 

 

Snellen visual acuity charts have several recognised limitations.299,300 In particular, the 

progression of letter size varies, with larger gaps between visual acuity levels at the lower end 

of the acuity scale. Optotype legibility is also compromised by the placement of symbols in 

close proximity (termed ‘contour interaction’ or ‘visual crowding’).300 Moreover, the Snellen 

chart progressively varies the number of symbols per line, thereby resulting in differences in 

readability and inconsistencies with scoring incomplete lines. 

 

Alternative visual acuity charts have been developed in an attempt to resolve the difficulties 

inherent to the Snellen test (Figure 3.2a).299,300 The most well-known and widely used of 

these is the modified Bailey-Lovie chart often described as the ETDRS (Early Treatment 

Diabetic Retinopathy Study) chart (Figure 3.1).302 This chart addresses many of the 

aforementioned limitations intrinsic to the Snellen chart. Five letters are represented on each 

line, and the spaces between the letters and the lines are standardised. However, although the 

use of standardised visual acuity charts is advocated in the context of clinical research, the 

Snellen chart remains the most ubiquitous visual acuity testing tool in clinical practice.302,303 

 



90 
 

 

Figure 3.2a Early Treatment Diabetic Retinopathy Study (ETDRS) chart  

 

All visual acuity measurements described in this thesis were examined with a Snellen chart 

under photopic conditions. 

 

 

Slit Lamp Biomicroscopy 

Slit lamp biomicroscopy is an important technique in clinical ophthalmic assessment 

providing a stereoscopic, magnified view of the ocular structures. An image of a slit lamp is 

provided in Figure 3.2b. The slit lamp combines a binocular biomicroscope with a high 

intensity adjustable slit beam.304,305 The microscope system is comprised of convergent 

binocular tubes and a Galilean telescope, producing an image which is virtual, magnified and 

upright. Magnification steps ranging from x6 to x40 are available. The illuminating 

mechanism consists of a 6V/20W halogen lamp light source in conjunction with a system of 

condensing lenses, and an adjustable diaphragm which permits variation in slit beam width 

and height.304 Fine focus is achieved with the aid of a ‘joystick’ control which also provides 

lateral and vertical movements. 
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Figure 3.2b Slit lamp microscope and photo slit-lamp used for majority of clinical images in 

this thesis, (Courtesy of Prof CNJ McGhee).  

 

 

Filters 

The nature of the emitted light may be altered by the use of filters. A cobalt blue filter used in 

conjunction with fluorescein dye can be used to assess the integrity of the conjunctival and 

corneal epithelium. Fluorescein dye pools within intercellular defects thereby highlighting 

areas of damage. The combination of a cobalt blue filter and fluorescein dye is also used in 

the assessment of intraocular pressure. A red-free (green) filter is useful in increasing contrast 

when observing vascular structures in the fundus or rose Bengal staining of the cornea. 

Illumination Techniques 

A variety of different illumination techniques may be employed to evaluate the ocular 

structures using the slit lamp instrument. 

Diffuse Illumination 

Diffuse illumination illuminates all features of the anterior segment in a broadly inclusive 

view.306 Although useful for general observation, it does not sufficiently define details or 

form. Diffuse illumination is achieved by completely opening the aperture of the slit and 

diffusing the light by the introduction of a neutral density filter. 
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Direct Focal illumination 

Direct focal illumination is achieved by angling a narrow vertical slit beam to one side of the 

area being examined.305 As the axes of the illuminating and viewing path do not intersect at 

the point of image focus, reflected indirect light illuminates the area of interest in the anterior 

chamber or cornea. This technique is useful in revealing thickness of transparent or 

translucent tissues, indicating the depth of features, and demonstrating contours.306 

 

Scleral Scatter 

Scleral scatter employs the principle of total internal reflection, and is achieved by directing 

the slit beam at right angles to the surface of the sclera just behind the limbus.306 Light is then 

transmitted within the cornea by total internal reflection, traversing the entire cornea and 

exiting at the opposite limbus. This technique may highlight subtle corneal irregularities and 

lesions within the cornea that may interfere with and disperse the internally reflected light 

beam. 

Retro-illumination 

Retro-illumination uses reflected light from either the iris or the choroid to illuminate the 

object of interest.306 Retro-illumination is typically used to illuminate the cornea in light 

reflected from the iris, or the lens in light reflected from the retina.  

Intraocular Pressure 

Intraocular pressure (IOP) is the fluid pressure inside the eye and is primarily determined by 

the coupling of the production and drainage of aqueous humor. The distribution of IOP 

within the general population has an approximate range of 11 to 21mmHg.307 Normal IOP 

may be influenced by changes in heartbeat, blood pressure level and respiration.308 A diurnal 

pattern of variation has also been observed.309 

Tonometry is the objective measurement of IOP. Currently, Goldmann applanation tonometry 

is considered the gold standard method of measuring IOP.310,311 Applanation tonometry is 

based on the Imbert-Fick principle; for an ideal, dry thin-walled sphere, the pressure inside is 

proportional to the force applied to its surface. 312  Measurements of IOP may be affected by 

corneal thickness, curvature, modulus of elasticity (indicative of rigidity) and tear film.310 
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Figure 3.2c Goldmann applanation tonometer on slit lamp (left) and illuminated with cobalt 

blue light prior to contact with the cornea (right) 

Procedure308 

Following the instillation of topical anaesthetic and fluorescein into the conjunctival sac, 

measurements of intraocular pressure are obtained by applying the Goldmann prism 

(mounted on a tonometer) axially to the corneal surface. A pattern of two semicircles is 

observed through the slit lamp; one above and one below the horizontal midline. The dial of 

the tonometer is rotated to align the inner edges of the semicircles. The reading on the dial 

(multiplied by ten) corresponds to the IOP. 

Corneal Tomography 

The cornea is the major refractive element of the eye, contributing approximately two-thirds 

of its total refractive power. In the normal human cornea, the anterior corneal and posterior 

corneal surfaces contribute approximately + 48 D of convergence and -5 D of divergence, 

respectively. Corneal shape is of critical importance in determining the quality of vision as 

small alterations in corneal curvature can translate into large alterations in refraction and 

image clarity. Moreover, as the cornea is not perfectly spherical it is therefore necessary to 

consider characteristics on each point along its surface in order to understand its properties.313  
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Corneal topography (from the Greek topos “place” + graphia “writing”) is the science of 

mapping corneal shape. The term corneal tomography (from the Greek tomos “section, 

slice”+ graphia “writing”) refers to the three-dimensional reconstruction of the cornea and 

anterior segment.314 Corneal topographers use a variety of concepts to characterise the optical 

properties of the cornea including curvature, elevation and pachymetry. 

Curvature 

Curvature is defined as the rate of change of the tangent vector to the curve with respect to 

the arc length of the curve. It is a two-dimensional quality and is non-axis dependent: 

curvature means that the shape is changing but does not give a direction of change.312  

The curvature of a circle is defined to be the reciprocal of the radius. 

𝐶𝑢𝑟𝑣𝑎𝑡𝑢𝑟𝑒 =
1

𝑅
 

Formula 3.2a The curvature of a circle is defined to be the reciprocal of the radius 

The curvature of a point on a spherical surface is determined using the radius of curvature of 

a circle that best fits the plane curve at the surface point of interest. The radius of curvature is 

measured in millimetres. Theoretically, axial and tangential topography maps should be 

displayed in the units of radii of curvature (i.e. millimetres) at each corneal surface point. 

However, by convention the instruments display curvature in units of keratometric diopters 

(D) on so-called axial or tangential power maps.  

Corneal power can be calculated from the radius of curvature using the formula: 

𝑃 =
𝑛 − 1

𝑟
 

P = corneal power 

n =1.3375 (keratometric index of refraction) 

r = radius 

Formula 3.2b Corneal power can be calculated from the radius of curvature 
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Consequently, optical power at a given point on the cornea is a function of curvature, but is 

not the same as curvature. Axial and tangential topographical maps represent the power 

associated with a sphere that has the same slant as the cornea being examined.315 

Axial Power Map 

Axial power is the most commonly used curvature map. It is obtained by measuring the 

curvature of the cornea at each point relative to a specified axis, usually the visual axis.313 

This tends to provide a more global perspective of corneal power. 

Tangential Power Map 

Tangential maps (sometimes referred to as instantaneous curvature) represent the local 

curvature of the cornea at each point in a meridional direction relative to the other points of 

the particular ring. As the axis of reference is different for each point, there is a higher degree 

of variability from point to point.313 This provides a more local perspective of corneal power. 

 

Elevation 

Elevation depicts the height of a point on the corneal surface relative to a reference plane. 

The reference plane is typicaly a sphere with a diameter that closely resembles the overall 

diameter of the specific cornea. However, no single known geometric shape can approximate 

the cornea over its entirety.316 The characteristics of the best-fit reference sphere are tailored 

for the cornea in question by the instrument software using best mathematical approximation.  

Interpretation of Topographical Maps 

Colour coded contour maps have been adopted as a standard presentation scheme and provide 

a graphic representation of the topographic distribution of local corneal values.316 On 

keratometric (‘’power’’) maps warmer colours (red, orange) represent higher dioptric powers 

whereas cooler colours (blue, purple) denote lower dioptric powers. Green and yellow 

correspond to normal dioptric powers. Similar maps are used to represent changes in 

elevation: warmer colours represent points above the reference plane, and conversely cooler 

colours represent points below the reference plane. Points which coincide with the reference 

point are coded green.  Colour coded contour maps have a unique pattern, like a fingerprint, 
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and may be enantiomorphic (mirror image) with the fellow eye.313 Figure 3.2d shows an 

Orbscan II map of a healthy eye highlighting keratometric, thickness, posterior and anterior 

curvature maps of a single cornea 

Instruments. 

Early topographers were based on the Placido disc and the reflection principle. The Placido 

disc traces its heritage to the late 19th century and the work of the Portuguese 

Ophthalmologist Antonio Placido. A Placido disc consists of alternating black and white 

rings which are reflected by the cornea/tear film. The virtual image of the reflected Placido 

disc is assessed to give an estimate of the curvature (refracting power) of the cornea. 

However, the Placido disc technique is limited to an evaluation of the anterior surface of the 

cornea only317 and therefore precludes a comprehensive analysis of the cornea. 

 

Over the past thirty years, a variety of sophisticated instruments have been developed which 

facilitate attempts to measure and quantify the living human cornea including: Orbscan Slit-

Scanning tomography, Pentacam Rotating Scheimpflug tomography, and Galilei Dual 

Scheimpflug tomography. 

Orbscan II 

Introduced in 1995, the Orbscan device was founded on the principle of assessing the 

characteristics of a slit-scanning beam projected across the cornea. During the acquisition 

phase, two vertical scans are performed through the projection of 40 optical slits, 20 from the 

right and 20 from the left, on the cornea at an angle of 45 degrees to the instrument axis.317,318 

Acquired data are analysed using triangulation to construct a three-dimensional portrait of the 

cornea.317 

 

In subsequent years the Orbscan II device incorporated a combination of Placido disc and 

slit-scanning technology to combine the advantages of both approaches: the Placido disc 

provides indirect assessment of the anterior corneal curvature, and the slit-scanning beam 

obtains anterior and posterior surface elevation information.317,319 
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.

 

Figure 3.2d Orbscan II map of a healthy eye highlighting keratometric, thickness, posterior 

and anterior curvature maps of a single cornea. 

 

Studies of Orbscan II anterior surface elevation measurements of standard test objects have 

revealed a high degree of accuracy with differences of less than 0.20 µm centrally and 0.70 

µm peripherally when compared to Talysurf analysis.320  

. 

Pentacam 

The Pentacam tomography system is based on Scheimpflug imaging. Scheimpflug imaging 

provides a wide depth of focus allowing a planar subject that is not parallel to the image 

plane to be completely in focus.318 The Pentacam system employs a single rotating 

Scheimpflug camera and monochromatic slit-light source in combination with a static 

camera. The Scheimpflug camera scans across the cornea obtaining multiple slit images 

which correspond to specific angles along the optical axis.318 
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Studies suggest that the Pentacam demonstrates high repeatability in corneal curvature/power 

and elevation measurements in normal and post-operative eyes.321-323 However, discrepancies 

exist in results obtained in keratoconus, keratorefractive surgery and IOL power calculations 

in cataract surgery.318 

 

Galilei 

The Galilei Dual Scheimpflug Analyzer is a new hybrid device that combines dual rotating 

Scheimpflug cameras and a Placido disc to assess the anterior segment.324 During the 

measurement process, Placido disc and Scheimpflug images are simultaneously acquired to 

obtain information on the curvature and elevation of the cornea, respectively.318 Studies 

suggest that the Galilei exhibits high reproducibility in measurements of corneal 

power/curvature and elevation.324-326 

 

All corneal power/curvature and elevation measurements quoted in this thesis were obtained 

by the Orbscan II tomography device. 

 

Corneal Pachymetry 

Corneal pachymetry (from the Greek pachy “thick” + metron “measure”) has become an 

integral component of ophthalmic care as changes in corneal thickness reflect changes in 

endothelial pump and barrier functions.314,327 Corneal thickness is important in the diagnosis 

and monitoring of various corneal disorders. Increased corneal thickness is caused by 

pathological increases in corneal hydration, whereas decreased corneal thickness may 

develop secondary to a variety of ulcerative inflammatory conditions and ectatic corneal 

dystrophies.327 The thickness value is also of importance for the estimation of intraocular 

pressure,328 and forms part of the preoperative evaluation for refractive surgery.314  

 

Attempts to measure human corneal thickness are complicated by the fact that the anterior 

and posterior curvatures are not concentric, and that thickness is not uniform throughout the 

cornea. However, measurement of the corneal thickness at a location neighbouring the apex 

of the cornea, central corneal thickness, has become widely adopted.  
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In clinical practice it is not feasible to obtain direct measurements of corneal thickness. 

Consequently indirect measurements are used as a surrogate. A variety of different 

instruments have been developed for measuring corneal thickness including; ultrasound 

pachymetry, anterior segment optical coherence tomography, in vivo confocal microscopy, 

slit-scanning corneal tomography and rotating Scheimpflug corneal tomography. Although a 

high degree of repeatability has been demonstrated for a number of these methods, studies 

suggest that the values and indices from different methods are not equivalent and therefore 

caution should be exercised in using the devices interchangeably.329-332  

 

Ultrasound Pachymetry 

 

Ultrasound pachymetry is based on the Doppler Effect. Knowing the velocity of sound in 

corneal tissue, the time between an ultrasound emitted pulse and the reflected echo from an 

acoustic interface can be used to calculate the distance between the two reflecting surfaces.333 

Measurements are performed by applanating the probe to the anterior corneal surface 

following the instillation of topical anaesthetic. The applanation force of the ultrasound probe 

may disturb the area of contact: the manoeuvre displaces the precorneal tear film and causes 

some compression of the epithelial cells.333 

 

Although ultrasound pachymetry is often referred to as the gold standard method, it is 

important to note that it does not measure the true value of central corneal thickness but 

rather provides an indirect surrogate measure. Moreover, it exhibits relatively high inter-

observer variability.319 Consequently, attempts to calibrate other devices with ultrasound 

pachymetry must be viewed with caution. 

 

Anterior Segment Optical Coherence Tomography 

  

Optical coherence tomography (OCT) employs low coherence infrared light to obtain high-

resolution (10 - 20µm) cross-sectional imaging in a non-contact and non-invasive manner.334  

This technique was initially applied to retina and optic nerve imaging but has recently 

evolved to include anterior segment applications. High levels of repeatability and 

reproducibility in measurements of central corneal thickness have been demonstrated for this 

technique.335-337 
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In Vivo Confocal Microscopy 

 

Confocal microscopy through focusing (CMTF) is an optical imaging technique that employs 

full thickness in vivo confocal microscopy scans of the cornea to produce  z-depth plots of 

the intensity of the back scattered light.336 This technique is based on the observation that 

different layers of the cornea produce different reflective intensities when the optical confocal 

microscopy is used.336 Corneal thickness is measured through the intensity profile generated 

from reflected light.332 Studies suggest that confocal microscopy is an accurate and repeatable 

technique for central corneal thickness evaluation.332,338-340 However, in vivo confocal 

microscopy is not routinely used in clinical practice. 

 

Slit Scanning Corneal Tomography 

 

Orbscan Slit-Scanning tomography is based on the principle of measuring the dimensions of 

a slit-scanning beam projected on the cornea. Corneal thickness is determined by analysing 

the difference between corresponding anterior and posterior corneal surface points.317 This 

technique enables measurements of thickness across the entire cornea. High degrees of 

repeatability and reproducibility for this technique have been demonstrated.319,327  

 

Early studies observed that Orbscan pachymetry yielded central corneal thickness values 

approximately 8% higher than the ‘gold standard’ of contact ultrasound pachymetry.319,341-345 

Consequently, an acoustic correction factor of 0.92 was introduced to compensate for this 

difference. However, a comprehensive analysis of the literature suggests that the global 

application of an acoustic factor does not accurately compensate for the discrepancy between 

Orbscan and ultrasound central corneal thickness measures and that the overall level of 

agreement between the two instruments is limited.317,329 Orbscan may record thinner 

measurements in the presence of corneal haze.317 

 

Rotating Scheimpflug Corneal Tomography 

 

The Pentacam system employs a single rotating Scheimpflug camera to produce a three-

dimensional model of the anterior segment, including data for corneal thickness.318 Studies 

suggest that the Pentacam demonstrates excellent repeatability in measures of central corneal 

thickness.346-350 Although the Pentacam is generally considered to obtain accurate 
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measurements in post-refractive surgery eyes, it may underestimate the central corneal 

thickness in keratoconic eyes.318 No significant differences have been found between central 

corneal thickness values obtained with Pentacam and those provided by ultrasound 

pachymetry.318 

 

Galilei Dual Scheimpflug Corneal Tomography 

 

The Galilei Dual Scheimpflug Analyzer is a new hybrid device that combines dual rotating 

Scheimpflug cameras and a Placido disc to assess the anterior segment.324 Early studies 

suggest that the Galilei exhibits high reproducibility in measurements of central corneal 

thickness.351-353 

 

All central corneal thickness measurements quoted in this thesis were obtained using the 

Orbscan II with an acoustic factor of 0.92. 
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SECTION III 

 

Results and Discussion 
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CHAPTER 4   

 

Patient Characteristics 
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INTRODUCTION 

It is well established that the indications and outcomes of corneal transplantation vary 

considerably by geographic location.140,191,199,240,354-358 A number of factors may account for 

this including geographic, ethnic, and socioeconomic variables.  

 

New Zealand (NZ) is an island nation of approximately 4.3 million people with a unique and 

diverse ethnic composition. The geography of New Zealand encompasses two main islands 

(the North and South Islands) and a number of smaller islands. The country is approximately 

1,600 km in length, with a land area of 270,000 square kilometres. New Zealand is therefore 

a relatively sparsely populated country compared with other OECD countries (Organisation 

for Economic Co-operation and Development). Despite having a land mass comparable to the 

United Kingdom and Italy, its population exceeds only those of Luxembourg and Iceland.356 

 

New Zealand’s unique socio-demographic fingerprint creates a particular set of challenges 

with regard to the ophthalmology patient population and corneal transplantation in New 

Zealand.140 This chapter aims to provide a portrait of the socioeconomic and demographic 

features of patients undergoing corneal transplantation in the Auckland region. 

Furthermore, details of the ocular and medical history may forewarn of potential intra- and 

postoperative problems and are essential to preoperative planning, postoperative management 

and estimation of visual prognosis. This chapter also aims to describe the ocular and medical 

history of patients undergoing corneal transplantation in the Auckland region. 

 

4.1PATIENT DEMOGRAPHICS 

Results 

Case notes were identified and retrieved in a systematic manner from Auckland District 

Health board and private practice clinical records for 996 procedures. Insufficient clinical 

data were available for 55 procedures, and these were therefore excluded from further 

analysis. Detailed clinical data was therefore obtained for a total of 941 (94.5%) corneal 

transplantation procedures; 834 penetrating keratoplasty, 73 deep anterior lamellar 

keratoplasty, 28 endothelial keratoplasty, and 6 patch grafts. These 941 transplant procedures 

corresponded to a total of 770 unique patients as some patients underwent more than one 

procedure during the study period. In order to be consistent with other major Eye Bank 
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studies, 140,359,360 descriptive data presented in this chapter pertaining to patient characteristics 

refers to eyes rather than individuals. For the purpose of statistical analysis, repeat grafts in 

the same eye or grafts in the fellow eye received by the same patient during the study period 

were excluded in order to avoid the issue of inter-eye correlation. Following the exclusion of 

multiple transplant events, there were 777 penetrating keratoplasty eyes, 72 deep anterior 

lamellar keratoplasty eyes, and 27 endothelial keratoplasty eyes (n= 876). 

Age  

The age of transplant recipient eyes ranged from 3 to 95 years, with a median age of 44 years 

(mean = 46.4 years [standard deviation = 20.4]). The most common recipient eye age group 

was 20 to 29 years (21%, n=198), followed by 30 to 39 years (17.2%, n=162).  The age 

distribution of corneal transplant eyes is provided in Figure 4.1a. 

 

 

 

Figure 4.1a Age distribution of corneal transplant recipient eyes for the decade 2000–2009 

with peaks in the 20-39 age groups and the 70-79 age group, (n=941 eyes) 

 

Age distribution varied according to indication. Keratoconus was associated with younger 

patients (mean= 30.7 years [standard deviation = 11.3]) whereas corneal dystrophy (mean = 

65.9 years [standard deviation = 14.7]) and bullous keratopathy (mean = 67.5 years [standard 

deviation = 17.0]) were associated with older patients.  The average age was 51.9 ± 19.4 years 

for patients with corneal ulceration, 53.2 ± 18.5 years for patients with viral keratitis, 52.3 ± 17.4 
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years  for patients with trauma, 54.0 ± 16.1 years for patients undergoing regraft, and  52.3 ± 20.2 

years for patients with other indications. Details of the age distribution of corneal transplant 

recipient eyes by indication are provided in Appendix 4.1a. 

 

Gender 

A male preponderance was observed; there were 525 (55.8%) male recipient eyes compared 

with 416 (44.2%) female recipient eyes.  

Indication Female % Male % Odds Ratio 95% Confidence Interval p value 

Keratoconus 38.7 46.5 1.3719 1.0268 to 1.8330 0.0324 

 

Bullous keratopathy 12.3 7.1 0.5438 0.3331 to 0.8878 0.0148 

Corneal dystrophy 13.5 7.6 0.5228 0.3254 to 0.8397 0.0073 

Corneal ulceration 7.2 6.9 0.949 0.5438 to 1.6561 0.8538 

Viral keratitis 3.3 3.2 0.9688 0.4341 to 2.1624 0.9382 

Trauma 2.1 8.0 4.0547 1.7777 to 9.2483 0.0009 

Repeat 17.1 16.5 0.9552 0.6525 to 1.3982 0.8134 

Other 5.7 4.3 0.7512 0.3912 to 1.4426 0.3902 

 

Table 4.1a Gender differences in indication, with odds ratio, for corneal transplant recipients 

in the Auckland region for the decade 2000-2009, (n=770 individuals) 

 

For the seven leading indications, the odds ratios for having a specific indication given a 

specific gender are shown in Table 4.1a. Keratoconus and trauma were significantly more 

common indications in men, and bullous keratopathy and corneal dystrophy were 

significantly more common in women than in men. 

Ethnicity  

In order to be consistent with other major Eye Bank studies, 140,359,360 descriptive data 

pertaining to patient ethnicity refers to eyes rather than individuals. The majority of recipient 

eyes were European (n=550 [58.4%]), followed by Pasifika (n=177 [18.8%]), Maori (n=108 

[11.5%]), Indian (n=61 [6.5 %]), and ‘other’ (n=45 [4.8%]). The category of ‘Pasifika’ 

included peoples of Samoan (n=96 [10.2%]), Tongan (n=17[1.8%]), and other Polynesian 

(n=64 [6.8%]) origin. The category of ‘other’ included peoples of Asian (n=24 [2.2%]), 
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Middle Eastern (n=11 [1.2%]), and other origins (n=10 [1.1%]). An outline of the ethnicity 

distribution of corneal transplant recipient eyes is provided in Figure 4.1b. 

 

Figure 4.1b Self-reported ethnicity distributions of corneal transplant recipient eyes in the 

Auckland region for the decade 2000–2009, (n=941 eyes) 

The ethnic composition of individuals undergoing corneal transplantation was compared with 

the overall New Zealand and Auckland populations. The corneal transplant recipient group 

had significantly higher rates of Pasifika patients than the total New Zealand and Auckland 

populations. There were no clinically significant differences between the rates of Maori 

patients in the corneal transplant population compared with the total New Zealand and 

Auckland populations. The corneal transplant recipient group had a significantly lower 

proportion of European patients than the total New Zealand population, but this was not 

significant when compared with the Auckland population. Table 4.1b shows the European, 

Maori, Pasifika and Indian ethnicity rates in the total Auckland corneal transplant recipient 

population compared with the overall Auckland and New Zealand populations.  

The ethnic composition by indication of individuals undergoing corneal transplantation was 

compared with the overall New Zealand and Auckland populations. The keratoconic corneal 

transplant recipient group had a significantly higher proportion of Pacific and Maori patients 

and a significantly lower rate of European patients compared with both the total New Zealand 

and Auckland populations (p values ranged from 0.003 to <0.0001). Conversely, the corneal 

dystrophy group had a significantly higher proportion of European patients and a 
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significantly lower rate of Maori patients compared with both the total New Zealand and 

Auckland populations (p values ranged from 0.0245 to <0.0001). Maori patients were 

significantly underrepresented in the bullous keratopathy indication group compared with 

both the total New Zealand and Auckland populations (p values 0.0245 and 0.0413, 

respectively). Pacific patients were overrepresented in the bullous keratopathy indication 

group with respect to the total New Zealand population but not the Auckland population (p 

values 0.0484 and 0.6455, respectively), whereas European patients were overrepresented in 

comparison to the Auckland population but not the total New Zealand population (0.0043 and 

0.1196, respectively).  

Pacific patients had significantly higher rates of corneal ulceration, Maori patients had 

significantly higher rates of viral keratitis, and European patients had significantly higher 

rates of regraft compared with both the total New Zealand and Auckland populations (p 

values ranged from 0.0135 to <0.0001). Pacific patients were overrepresented in the trauma 

and ‘other’ indications groups with respect to the total New Zealand population but not the 

Auckland population, and were underrepresented in the regraft group compared with the 

Auckland population only. Table 4.1c shows the distribution of ethnicity by indication in the 

corneal transplant recipient population and details of the statistical analysis are provided in 

Appendix 4.1b and 4.1c. 

Ethnicity 

Percentage by Population 

 

Corneal Transplant 

Recipients 
Total Auckland*† Total New Zealand*† 

European 58.3 56.5 (OR 1.0769, p= 0.3108) 64.8 (OR 0.7602, p=0.002) 

Maori 11.9 11.1 (OR 1.0868, p=0.454) 14.0 (OR 2.027, p=0.0959) 

Pasifika  18.7 14.4 (OR 1.3673, p=0.007) 6.9 (OR 3.2536, p<0.0001) 

Indian 6.5 NA 2.6 (OR2.6055, p<0.0001) 

Other 

 
4.4 NA NA 

*Self-reported data obtained from the 2006 National census; therefore some identified themselves 

with more than one ethnicity. 

†Census Data 2006: Statistics New Zealand. Available at www.stats.govt.nz Accessed Sept. 4, 

2013. OR; odds ratio. NA; not applicable as insufficient data available 

 

Table 4.1b Distribution of European, Maori and Pasifika ethnicities in the total Auckland 

corneal transplant recipient population (n=770) for the decade 2000-2009 compared with the 

total Auckland region (n=1,303,068), and total New Zealand (n=4,027,947) populations 

The ethnic composition by indication of individuals undergoing corneal transplantation was 

compared with the overall New Zealand and Auckland populations. The keratoconic corneal 

http://www.stats.govt.nz/
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transplant recipient group had a significantly higher proportion of Pacific and Maori patients 

and a significantly lower rate of European patients compared with both the total New Zealand 

and Auckland populations (p values ranged from 0.003 to <0.0001). Conversely, the corneal 

dystrophy group had a significantly higher proportion of European patients and a 

significantly lower rate of Maori patients compared with both the total New Zealand and 

Auckland populations (p values ranged from 0.0245 to <0.0001).  

Maori patients were significantly underrepresented in the bullous keratopathy indication 

group compared with both the total New Zealand and Auckland populations (p values 0.0245 

and 0.0413, respectively). Pacific patients were overrepresented in the bullous keratopathy 

indication group with respect to the total New Zealand population but not the Auckland 

population (p values 0.0484 and 0.6455, respectively), whereas European patients were 

overrepresented in comparison to the Auckland population but not the total New Zealand 

population (0.0043 and 0.1196, respectively). Pacific patients had significantly higher rates of 

corneal ulceration, Maori patients had significantly higher rates of viral keratitis, and 

European patients had significantly higher rates of regraft compared with both the total New 

Zealand and Auckland populations (p values ranged from 0.0135 to <0.0001). Pacific patients 

were overrepresented in the trauma and ‘other’ indications groups with respect to the total 

New Zealand population but not the Auckland population, and were underrepresented in the 

regraft group compared with the Auckland population only. Table 4.1c shows the distribution 

of ethnicity by indication in the corneal transplant recipient population and details of the 

statistical analysis are provided in Appendix 4.1b and 4.1c. 

Ethnicity 

Percentage of Patients by Indication 

KC 

(n=332) 

BK 

(n=72) 

CD 

(n=78) 

CU 

(n=54) 

VK 

(n=25) 

TR 

(n=42) 

RPT 

(n=129) 

OT 

(n=38) 

European 43.7 73.6 80.8 51.9 56.0 69.0 75.2 52.6 

Maori 16.3 0.0 1.3 14.8 32.0 2.4 10.9 15.8 

Pacific 29.8 12.5 3.8 20.4 0.0 19.0 4.7 21.1 

Indian 7.5 8.3 5.1 7.4 4.0 4.8 5.4 2.6 

Other 2.7 5.6 9.0 5.6 8.0 4.8 3.9 7.9 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; VK= 

viral keratitis; TR=trauma; RPT=repeat, OT = other 

 

Table 4.1c Distribution of ethnicity by indication in the corneal transplant recipient 

population in the Auckland region for the decade 2000-2009 (n=770 individuals) 
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Treatment Facility: Private or Public 

Demographic 

Variable 

Public 

(%) 

Private (%) Odds 

Ratio 

95% Confidence 

Interval 

P value 

Gender 

Male 296 (57.1) 141 (56.0%) 1.0496 0.7748 to 1.4219 0.7544 

Female 222 (42.9) 111 (44.0%) 0.9527 0.7033 to 1.2906 0.7544 

Indications 

Keratoconus 227 (43.8) 105 (41.7) 1.0921  0.8052 to 1.4811  0.5709 

Bullous 

keratopathy 
51 (9.8) 21 (8.3) 1.2013  0.7056 to 2.0452  0.4993 

Corneal dystrophy 43 (8.3) 35 (13.9) 0.5613  0.3493 to 0.9018  0.017  

Corneal ulceration 48 (9.3) 6 (2.4) 4.1872  1.7673 to 9.9209  0.0011 

Viral keratitis 22 (4.2) 3 (1.2) 3.6815  1.0914 to 12.4183 0.0356 

Trauma 21 (4.1) 21 (8.3) 0.4648  0.2489 to 0.8681  0.0162 

Repeat 84 (16.2) 45 (17.9) 0.8903  0.5979 to 1.3257  0.5674 

Other 22 (4.2) 16 (6.3) 0.6542 0.3373 to 1.2688  0.2093 

Ethnicity 

European 261 (50.4)  188 (74.6) 0.3457 0.2481 to 0.4818 < 0.0001 

Maori 78 (15.1) 14 (5.6) 3.0136 1.6699 to 5.4385 0.0002 

Pasifika 130(25.1) 14 (5.6) 5.6959 3.2069 to 10.1168 < 0.0001 

Indian 26 (5.0) 24 (9.5) 0.502 0.2820 to 0.8936 0.0192 

Other 23 (4.4) 12 (4.8) 0.9293 0.4547 to 1.8993 0.8406 

Level of Deprivation 

1 (least deprived) 19 (3.7) 33 (13.1) 0.2527 0.1406 to 0.4542 <0.0001 

2 24 (4.6) 23 (9.1) 0.4837 0.2673 to 0.8752 0.0164 

3 38 (7.3) 25 (9.9) 0.7188 0.4236 to 1.2198 0.2211 

4 30 (5.8) 14 (5.6) 1.0451 0.5439 to 2.0080 0.8947 

5 41  (7.9) 25 (9.9) 0.7805 0.4631 to 1.3152 0.3519 

6 77 (14.9) 26 (10.3) 1.5177 0.9461 to 2.4346 0.0836 

7 34 (6.6) 10 (4.0) 1.7 0.8260 to 3.4987 0.1496 

8 71 (13.7) 24 (9.5) 1.5089 0.9249 to 2.4619 0.0995 

9 68 (13.1) 24 (9.5) 1.4356 0.8778 to 2.3477 0.1497 

10 (most deprived) 107 (20.7) 14 (5.6) 4.4258 2.4793 to 7.9005 < 0.0001 

Overseas 1 (0.2) 26 (10.3) 0.0168 0.0023 to 0.1247 0.0001 

Unknown 8 (1.5) 8 (3.2) 0.4784 0.1775 to 1.2899 0.1451 

Table 4.1d  The demographic differences between individuals undergoing corneal 

transplantation in the public sector compared with the private sector in the Auckland region for 

the decade 2000-2009, (n=770 individuals). The level of deprivation index scale ranges from 1 to 

10, where 1 represents the least deprived areas and 10 represents the most deprived areas. A 

value of 10 indicates that the area is in the most deprived 10 per cent of areas on New 

Zealand. 
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Approximately two-thirds (n=633 [67.2%]) of corneal transplantation procedures were 

performed in the public health system, and approximately one-third (n=308 [32.8%]) were 

performed in the private health system. The demographic differences between individuals 

undergoing corneal transplantation in the public sector compared with the private sector are 

summarised in Table 4.1d.  There was no statistically significant difference in gender 

between patients receiving treatment in the public centre compared with the private sector. 

Keratoconus was the most common indication for corneal transplantation in both treatment 

facilities; public 41.4% (n=262) and private 41.2% (n=127). Graft failure was the second 

leading indication in both the public and private sector, accounting for 21.8% (n=138), and 

19.5% (n=60) of transplant procedures, respectively.  

Corneal ulceration (OR 4.2, p = 0.001) and viral keratitis (OR 3.6; p = 0.0356) were 

significantly more likely to be performed in the public centre compared with the private 

sector. Conversely, corneal dystrophy (OR 0.5613; p = 0.017) and trauma (OR 0.4648; p = 

0.0162) were significantly less likely to be performed in the public centre compared with the 

private sector. There was no statistically significant difference between treatment centres in 

the percentage of patients undergoing corneal transplantation for keratoconus, bullous 

keratopathy, repeat corneal graft, and ‘other’. 

 

For the five major ethnic groups identified in this study, the odds ratios for a specific ethnic 

group given a specific treatment centre are shown in Table 4.1d. European and Indian ethnic 

groups were significantly more common in the private sector, whereas peoples of Maori and 

Pacific ethnicity were significantly more common in the public sector. 

 

Level of Deprivation 

The largest corneal transplant recipient group (eyes) corresponded to a deprivation index of 

10, with 21.1% (n= 133) of public patients and 16.2% (n= 152) of the total patient number 

represented in this group. In the private sector, the largest patient group (eyes) (n =63, [12%]) 

corresponded to a deprivation index of 1.  

Individuals undergoing corneal transplantation in the public sector were significantly more 

likely to reside in the most deprived 10 per cent of areas in New Zealand compared with 

private patients. Conversely, private patients were significantly more likely to reside in the 
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least and second least deprived 10 per cent of areas in New Zealand compared with public 

patients. Overseas patients were significantly more likely to undergo corneal transplantation 

in the private sector compared with the public sector. The details of patient deprivation scores 

by treatment centre are provided in Appendix 4.4. 

Employment Status 

The most common recipient employment status was ‘employed’ (n=383, [40.7%]) followed 

by ‘retired’ (n=201, [21.4%]), ‘unknown’ (n=115, [12.2%]), and unemployed (10.4%). 

Details of the employment status are provided in Table 4.1e. 

 

Employment Status Number of Patients Percentage of Patients 

Employed 383 40.7 

Unemployed 98 10.4 

Retired 201 21.4 

Student 65 6.9 

Sickness Beneficiary 47 5.0 

Prisoner 1 0.1 

Home wife/ house husband 31 3.3 

Unknown 115 12.2 

 

Table 4.1e Distribution of corneal graft recipient eyes by employment status in the Auckland 

region for the decade 2000 to 2009, (n=941 eyes) 

 

Distance from Hospital 

Unsurprisingly, the majority of patients (n=620, [65.9%]) lived within a 25 kilometre (km) 

radius of the treatment centre; with 5.3% (n=50), 14.7% (n=138), and 45.9% (n=432) living < 

5km away, 5 to 10 km away, and > 10 to 25km away, respectively. Overall, fourteen patients 

(1.5%) of patients travelled from the South Island to the North Island in order to receive 

treatment. Thirty-three patients travelled from overseas to receive treatment. Of the 33 

overseas patients included in this study, the majority came from Fiji (26 patients) with 

smaller patient numbers coming from Tonga (4), Samoa (1), Tahiti (1), and Australia (1). All 

of the overseas patients received treatment in the private sector. The distribution of proximity 

to treatment centre is outlined in Table 4.1f. 
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Distance from Domicile to 

Treatment Centre 

Number of patients Percentage 

<5 km 50 5.3 

5 to 10 km 138 14.7 

>10 to 25 km 432 45.9 

>25 to 100 km 106 11.3 

>100 to 250 km 66 7.0 

>250 to 500 km 64 6.8 

>500 to 1000 km 31 3.3 

>1000 km 1 0.1 

South Island 14 1.5 

Overseas 33 3.5 

Unknown 6 0.6 

 

Table 4.1f  Distribution of proximity of corneal tarnsplant recipient eyes from domicile to 

treatment centre in the Auckland region for the decade 2000 to 2009, (n= 941 eyes). The 

patient’s address at the time of surgery was recorded, and the distance in minutes and 

kilometres (km) from the domicile to the treatment centre was calculated using the online 

Wises map “Get Driving Directions” function. 

 

4.2 INDICATIONS 

Results 

Reason for corneal transplantation 

INDICATION Number of patients Percentage of patients 

Decreased vision 841 89.4 

Pain 27 2.9 

Structural/Tectonic 59 6.3 

Patch Graft 4 0.4 

Non healing infection 2 0.2 

Autograft for opposite eye 5 0.5 

Bleed into DALK graft 1 0.1 

Cosmesis 2 0.2 

TOTAL 941 100 

 

Table 4.2a Indications for corneal transplantation performed in the Auckland region for the 

decade 2000–2009  
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In the current study, decreased vision was the most common reason (89.4%) for corneal 

transplantation. Indications for corneal transplantation are provided in Table 4.2a. 

 

Optical Indications 

Overall, only 17% of eyes recorded a preoperative BCSVA of 6/12 or better, 29.6% recorded 

6/18 or better and 39.4% recorded less than 6/60. Amongst eyes undergoing penetrating 

keratoplasty, 15.3% recorded a preoperative BCSVA of 6/12 or better, 27.5% recorded 6/18 

or better and 41.2% recorded less than 6/60. Around thirty-one per cent (31.5%) of eyes 

undergoing deep anterior lamellar keratoplasty recorded a preoperative BCSVA of 6/12 or 

better, 52.1% recorded 6/18 or better and 20.5% recorded less than 6/60.  Amongst eyes 

undergoing endothelial keratoplasty, 28.6% recorded a preoperative BCSVA of 6/12 or 

better, 35.7% recorded 6/18 or better and 32.1% recorded less than 6/60.  

 

The distribution of preoperative BCSVA by graft type is provided in Figure 4.2a. The 

distributions of preoperative BCSVA by indication for penetrating keratoplasty, deep anterior 

lamellar and endothelial grafts are provided in Tables 4.2b, 4.2c and 4.2d, respectively. 
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Figure 4.2a Preoperative Best Corrected Snellen Visual Acuity by Graft Type for corneal transplant recipient eyes in the Auckland region for 

the decade 2000 to 2009 (n=941 eyes). There were 834 penetrating keratoplasty eyes, 73 deep anterior lamellar keratoplasty eyes and 28 

endothelial keratoplasty eyes
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Indication 

Best Corrected Snellen Visual Acuity 

 
6/6 

(%) 

6/7.5 

(%) 

6/10 

(%) 

6/12 

(%) 

6/15 

(%) 

6/18 

(%) 

6/24 

(%) 

6/30 

(%) 

6/36 

(%) 

6/48 

(%) 

6/60 

(%) 

3/60 

(%) 

CF 

(%) 

HM 

(%) 

PL 

(%) 

NPL 

(%) 

Unknown 

(%) 

Keratoconus 

n=345 

17 

(4.9) 

8 

(2.3) 

12 

(3.5) 

29 

(8.4) 

28 

(8.1) 

22 

(6.4) 

44 

(12.8) 

20 

(5.8) 

11 

(3.2) 

32 

(9.3) 

20 

(5.8) 

16 

(4.6) 

55 

(15.9) 

 

26 

(7.5) 

1 

(0.3) 

1 

(0.3) 

3 

(0.9) 

Bullous 

keratopathy 

n=65 

4 

(6.2) 

0 

(0.0) 

0 

(0.0) 

4 

(6.2) 

1 

(1.5) 

2 

(3.1) 

4 

(6.2) 

2 

(3.1) 

2 

(3.1) 

2 

(3.1) 

1 

(1.5) 

4 

(6.2) 

19 

(29.2) 

18 

(27.7) 

1 

(1.5) 

1 

(1.5) 

0 

(0.0) 

Corneal 

dystrophy 

n=91 

2 

(2.2) 

5 

(5.5) 

5 

(5.5) 

10 

(11.0) 

9 

(9.9) 

12 

(13.2) 

10 

(11.0) 

7 

(7.7) 

6 

(6.6) 

6 

(6.7) 

4 

(4.4) 

4 

(4.4) 

7 

(7.7) 

4 

(4.4) 

0 

(0.0) 

0 

(0.0) 

0 

(0.0) 

Corneal 

Ulceration 

n=45 

0 

(0.0) 

2 

(2.2) 

1 

(2.2) 

1 

(2.2) 

1 

(2.2) 

0 

(0.0) 

1 

(2.2) 

1 

(2.2) 

2 

(2.2) 

1 

(2.2) 

1 

(2.2) 

1 

(2.2) 

4 

(8.9) 

19 

(42.2) 

10 

(22.2) 

0 

(0.0) 

0 

(0.0) 

Viral 

keratitis 

n=22 

1 

(4.5) 

0 

(0.0) 

0 

(0.0) 

2 

(9.1) 

0 

(0.0) 

1 

(4.5) 

1 

(4.5) 

1 

(4.5) 

0 

(0.0) 

1 

(4.5) 

2 

(9.1) 

0 

(0.0) 

7 

(31.8) 

3 

13.6) 

1 

(4.5) 

0 

(0.0) 

2 

(9.1) 

Trauma 

n=44 

0 

(0.0) 

0 

(0.0) 

1 

(2.3) 

2 

(4.5) 

2 

(4.5) 

2 

(4.5) 

3 

(6.8) 

1 

(2.3) 

4 

(9.1) 

2 

(4.5) 

0 

(0.0) 

4 

(9.1) 

5 

(11.4) 

8 

(18.2) 

8 

(18.2) 

2 

(4.5) 

0 

(0.0) 

Regraft 

n=192 

4 

(2.1) 

1 

(0.5) 

0 

(0.0) 

17 

(8.9) 

7 

(3.6) 

12 

(6.3) 

17 

(8.9) 

15 

(7.8) 

3 

(1.6) 

14 

(7.3) 

8 

(4.2) 

8 

(4.2) 

44 

(22.9) 

34 

(17.7) 

6 

(3.1) 

0 

(0.0) 

2 

(1.0) 

Other 

n=30 

0 

(0.0) 

0 

(0.0) 

0 

(0.0) 

0 

(0.0) 

1 

(3.3) 

1 

(3.3) 

1 

(3.3) 

2 

(6.7) 

1 

(3.3) 

0 

(0.0) 

0 

(0.0) 

2 

(6.7) 

6 

(20.0) 

5 

(16.7) 

8 

(26.7) 

2 

(6.7) 

1 

(3.3) 

TOTAL 

n=834 

28 

(3.4) 

16 

(1.9) 

19 

(2.3) 

65 

(7.8) 

49 

(5.9) 

52 

(6.2) 

81 

(9.7) 

49 

(5.7) 

29 

(3.5) 

58 

(7.0) 

36 

(4.3) 

39 

(4.7) 

147 

17.6) 

117 

(14.0) 

35 

(4.2) 

6 

(0.7) 

8 

(1.0) 

CF = counting fingers, HM = hand movements, PL = perception of light, NPL = no perception of light 

 

Table 4.2b Distribution of preoperative best corrected visual acuity by indication in penetrating keratoplasty recipient eyes in the Auckland 

region for the decade 2000 to 2009 (n=834 eyes) 
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Indication 

Best Corrected Snellen Visual Acuity 

 
6/6 

(%) 

6/7.5 

(%) 

6/10 

(%) 

6/12 

(%) 

6/15 

(%) 

6/18 

(%) 

6/24 

(%) 

6/30 

(%) 

6/36 

(%) 

6/48 

(%) 

6/60 

(%) 

3/60 

(%) 

CF 

(%) 

HM 

(%) 

PL 

(%) 

NPL 

(%) 

Unknown 

(%) 

Keratoconus 

n=44 

4 

(9.1) 

2 

(4.5) 

1 

(2.3) 

11 

(25.0) 

1 

(2.3) 

3 

(6.8) 

5 

(11.4) 

2 

(4.5) 
0 

2 

(4.5) 

2 

(4.5) 

1 

(2.3) 

10 

(22.7) 
0 0 0 0 

Corneal 

dystrophy 

n=2 

0 0 0 0 0 0 
2 

(100.0) 
0 0 0 0 0 0 0 0 0 0 

Corneal 

Ulceration 

n=10 

0 0 
1 

(10.0) 

1 

(10.0) 

2 

(20.0) 

2 

(20.0) 

1 

(10.0) 
1 

(10.0) 
0 

1 

(10.0) 
0 0 0 

1 

(10.0) 
0 0 0 

Viral 

keratitis 

n=5 

0 
1 

(20.0) 
0 

1 

(20.0) 
0 0 

1 

(20.0) 
0 0 0 0 0 

2 

(40.0) 
0 0 0 0 

Regraft 

n=2 
0 0 0 0 0 0 

1 

(50.0) 
0 0 0 0 0 0 0 

1 

(50.0) 
0 0 

Other 

n=10 
0 

1 

(10.0) 
0 0 

4 

(40.0) 

3 

(30.0) 
0 0 0 

1 

(10.0) 
0 0 0 0 0 0 

1 

(10.0) 

TOTAL 

n=73 

4 

(5.5) 

4 

(5.5) 

2 

(2.7) 

13 

(17.8) 
7 8 10 3 0 

4 

(5.5) 
2 

(2.7) 
1 12 1 1 0 1 

CF = counting fingers, HM = hand movements, PL = perception of light, NPL = no perception of light 

 

Table 4.2c Distribution of preoperative best corrected visual acuity by indication in deep anterior lamellar keratoplasty recipient eyes in the 

Auckland region for the decade 2000 to 2009 (n=73 eyes) 
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Indication 

Best Corrected Snellen Visual Acuity 

 
6/6 

(%) 

6/7.5 

(%) 

6/10 

(%) 

6/12 

(%) 

6/15 

(%) 

6/18 

(%) 

6/24 

(%) 

6/30 

(%) 

6/36 

(%) 

6/48 

(%) 

6/60 

(%) 

3/60 

(%) 

CF 

(%) 

HM 

(%) 

PL 

(%) 

NPL 

(%) 

Unknown 

(%) 

Bullous 

keratopathy 

n=7 

1 

(14.3) 
0 0 0 

1 

(14.3) 
0 0 0 0 0 

1 

(14.3) 
0 

1 

(14.3) 

2 

(28.6) 
0 0 

1 

(14.3) 

Corneal 

dystrophy 

n=15 

0 0 0 
7 

(46.7) 
0 0 

3 

(20.0) 
0 0 

2 

(13.3) 

1 

(6.7) 
0 

1 

(6.7) 

1 

(6.7) 
0 0 0 

Trauma 

n=2 
0 0 

2 

(100) 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Regraft 

n=4 
0 0 0 0 

1 

(25.0) 
0 

1 

(25.0) 
0 0 0 0 0 0 

2 

(50.0) 
0 0 0 

TOTAL 

n=28 

1 

(3.6) 
0 

2 

(7.1) 

7 

(25.0) 

1 

(3.6) 
0 

4 

(14.3) 
0 0 

2 

(7.1) 

2 

(7.1) 
0 

2 

(7.1) 

5 

(17.9) 
0 0 

1 

(3.6) 

CF = counting fingers, HM = hand movements, PL = perception of light, NPL = no perception of light 

 

Table 4.2d Distribution of preoperative best corrected visual acuity by indication in endothelial keratoplasty recipient eyes in the Auckland 

region for the decade 2000 to 2009 (n=28 eyes) 
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Clinical Indications for Corneal Transplantation 

The most common indication for corneal transplantation in the Auckland region between 

January 2000 and December 2009 was keratoconus (41.3%), followed by regraft (21.0%). In 

descending order of frequency, other indications for corneal transplantation were corneal 

dystrophy (11.5%), bullous keratopathy (7.6%), corneal ulceration (6.2%), trauma (4.9%), 

other (4.7%), and viral keratitis, (2.9%). The clinical indications for corneal transplantation in 

the Auckland region between January 2000 and December 2009 are outlined in Table 4.2e. 

Indications 
Number of Procedures per year (%) 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

KC 

n=389 

21 

(38.1) 

38 

(44.7) 

43 

(41.0) 

33 

(40.7) 

34 

(37.0) 

37 

(42.5) 

43 

(39.8) 

53 

(45.3) 

42 

(42.9) 

45 

(39.5) 

BK 

n=72 

6 

(10.9) 

9  

(10.6) 

11 

(10.5) 

6 

(7.4) 

8 

(8.7) 

7 

(8.0) 

7 

(6.5) 

4 

(3.4) 

6 

(6.1) 

8 

(7.0) 

CD 

n=108 

7 

(12.7) 

9 

(10.6) 

9 

(8.6) 

7 

(8.6) 

8 

(8.7) 

14 

(16.1) 

17 

(15.7) 

11 

(9.4) 

9 

(9.2) 

17 

(14.9) 

CU 

n=58 

3 

(5.5) 

4 

(4.7) 

9 

(8.6) 

6 

(7.4) 

6 

(6.5) 

2 

(2.3) 

2 

(1.9) 

8 

(6.8) 

11 

(11.2) 

7 

(6.14) 

VK 

n=27 

5 

(9.1) 

3 

(3.5) 

3 

(2.9) 

4 

(4.9) 

3 

(3.3) 

1 

(1.1) 

3 

(2.8) 

2 

(1.7) 

1 

(1.0) 

2 

(1.8) 

TR 

n=46 

3 

(5.5) 

0 

(0.0) 

8 

(7.6) 

4 

(4.9) 

3 

(3.3) 

1 

(1.1) 

6 

(5.6) 

8 

(6.8) 

8 

(8.2) 

5 

(4.4) 

RPT 

n=198 

6 

(10.9) 

19 

(22.4) 

16 

(15.2) 

18 

(22.2) 

23 

(25.0) 

23 

(26.4) 

23 

(21.3) 

25 

(21.4) 

19 

(19.4) 

26 

(22.8) 

OT 

n=43 

4 

(7.3) 

2 

(2.4) 

6 

(5.7) 

3 

(3.7) 

7 

(7.6) 

2 

(2.3) 

7 

(6.5) 

6 

(5.1) 

2 

(2.0) 

4 

(3.5) 

TOTAL 55 85 105 81 92 87 108 117 98 114 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; VK= 

viral keratitis; TR=trauma; RPT=repeat; OT = other 

 

Table 4.2e Distribution of the clinical indications for corneal transplantation by year in the 

Auckland region for the decade 2000-2009 (n=941 eyes) 

Of the 72 eyes that were classified as having bullous keratopathy, 55 were pseudophakic and 

17 were aphakic. Thirty-eight pseudophakic eyes had an intracapsular intraocular lens (IOL), 

10 had an anterior chamber IOL, 1 had an iris clip IOL, and 1 had a posterior chamber scleral 

sutured IOL. 

Fuchs endothelial dystrophy accounted for 91 of the 108 eyes with corneal dystrophy. Other 

types of corneal dystrophy included Reis-Bücklers’ dystrophy (n=2), macular corneal 

dystrophy (n=2), lattice dystrophy (n=1), granular dystrophy (n=2), and congenital hereditary 

endothelial dystrophy (n=1). The type of corneal dystrophy was not specified in 4 eyes. 
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Forty-six cases of corneal ulceration were of infectious aetiology and 5 cases were considered 

sterile ulcerations. The sterile ulcerations were attributed to rosacea keratitis (n=2), 

mitomycin C toxicity following pterygium excision (n=1), rheumatoid melt (n=1), and 

Mooren’s ulcer (n=1). In the infectious cases, corneal transplantation was indicated for 

perforation (n=24), scarring (n=18), and post infectious corneal decompensation (n=1). A 

therapeutic corneal transplantation was performed in one eye. The organisms responsible for 

the cases of infectious corneal ulceration are provided in Table 4.2f.  

Responsible Organism Number of eyes 

Fungal  6 

Acanthamoeba  7 

Mycobacterium  1 

Staphylococcus aureus  2 

Streptococcus species 2 

Moraxella  2 

Pseudomonas  6 

Bacterial not otherwise specified 14 

Chlamydia Trachomatous 5 

 

Table 4.2f Responsible organisms for infectious corneal ulceration in patients undergoing corneal 

transplantation in the Auckland region for the decade 2000-2009, (n= 45 eyes) 

 

Viral keratitis included 28 cases of herpes simplex virus (HSV), and 3 cases of varicella 

zoster virus (VZV). Ten HSV eyes required corneal transplantation as a result of corneal 

perforation. Extensive corneal scarring necessitated transplantation in the other 18 HSV eyes, 

and the 3 VZV eyes. 

 

Mechanism of Trauma Number of eyes 

Chemical burn 6 

Assault  3 

Motor vehicle accident  5 

Explosion  2 

Chopping wood  2 

Unknown penetrating eye injury  11 

Miscellaneous (1 each) Fall, Number 8 wire, bungy cord, 

sanding disc, weed whacker 

5 

Childhood trauma: dart (1), dog bite (1), fingernail (1), chisel 

(1), propeller (1), birth trauma (2) unknown (5), 

12 

Table 4.2g Mechanism of trauma in eyes undergoing corneal transplantation in the Auckland region 

for the decade 2000-2009, (n=46 eyes) 
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A total of 198 eyes underwent repeat corneal transplantation. Several causes of graft failure 

were identified and included: rejection (40%), endothelial decompensation (18.5%), 

uncorrectable astigmatism (13.5%), graft perforation or melt (7%), graft rupture secondary to 

trauma (5.5%), scarring (2.5%), post-infectious scarring (1.5%), graft displacement (1%), 

recurrence of corneal dystrophy (1%), primary failure (0.5%), bleed into DALK interface 

(0.5%) and unknown (8.5%). The number of previous grafts ranged from 1 to 7. Details of 

the number of previous grafts are provided in Table 4.2h. 

Number of Previous Grafts Number of Eyes Percentage of eyes 

One 154 77.8 

Two 35 17.7 

Three 7 3.5 

Four or more 4 2.0 

 

Table 4.2h Number of previous grafts in eyes undergoing repeat corneal transplantation in 

the Auckland region for the decade 2000-2009, (n=198 eyes) 

The clinical indications for the original corneal transplantation procedure for the regrafts 

described in this thesis are provided in Table 4.2i. 

 

Original Diagnosis Number Percentage 

Keratoconus 91 45.5 

Bullous keratopathy 28 14 

Trauma 20 10 

Viral keratitis 17 8.5 

Fuchs 14 7 

Infectious keratitis 8 4 

Other corneal dystrophy 5 2.5 

Sterile melt 4 2 

Scarring 3 1.5 

Chemical burn 2 1 

Other 6 3 

 

Table 4.2i The clinical indication for the original corneal transplantation procedure in eyes 

undergoing repeat corneal transplantation in the Auckland region for the decade 2000-2009 

(n=198 eyes) 
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Clinical Indications by Graft Type 

Keratoconus was the leading indication for both penetrating keratoplasty (41.4%), and deep 

anterior lamellar keratoplasty (60.3%). Conversely, corneal dystrophy (55.6%) was the 

leading indication for endothelial keratoplasty. The clinical indications for transplantation by 

graft type are provided in Table 4.2j. 

Type of Graft KC BK CD CU VK TR RPT OT TOTAL 

PKP 345 65 91 45 22 44 192 30 834 

DALK 44 0 2 10 5 0 2 10 73 

DSEK/DSAEK 0 7 15 0 0 2 4 0 28 

Patch graft 0 0 0 3 0 0 0 3 6 

TOTAL 389 72 108 58 27 46 198 43 941 

KC = keratoconus; BK = bullous keratopathy; CD = corneal dystrophy; CU = corneal ulceration; 

VK = viral keratitis; TR = trauma; RPT = regraft; OT = other; PKP = penetrating keratoplasty; 

DALK = deep anterior lamellar keratoplasty; EK = endothelial keratoplasty 

 

Table 4.2j Clinical indications for corneal transplantation by graft type in eyes undergoing 

repeat corneal transplantation in the Auckland region for the decade 2000-2009, (n=941 eyes) 
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4.3 OCULAR HISTORY 

Results 

Details of past ocular history for penetrating keratoplasty eyes are provided in Table 4.3a. 

OCULAR 

HISTORY 

KC 

(%) 

n=345 

BK 

(%) 

n=65 

CD 

(%) 

n=91 

CU 

(%) 

n=45 

VK 

(%) 

n=22 

TR 

(%) 

n=44 

RPT 

(%) 

n=192 

OT 

(%) 

n=30 

TOTAL 

(%) 

n=834 

Contralateral 

graft 

91 

(26.4) 

4 

(6.2) 

25 

(27.5( 

5 

(11.1) 

1 

(4.5) 

1 

(2.3) 

78 

(40.6) 

4 

(13.3) 

209 

(25.1) 

Trauma 0 
5 

(7.7) 
0 

3 

(6.7) 
0 

44 

(100) 

34 

(17.7) 

2 

(6.7) 

88 

(10.6) 

Glaucoma 
1 

(0.3) 

20 

(30.8) 

9 

(9.9) 

5 

(11.1) 

2 

(9.1) 

10 

(22.7) 

48 

(25.0) 

12 

(40.0) 

107 

(12.8) 

Uveitis 
1 

(0.3) 

4 

(6.2) 
0 

2 

(4.4) 
0 0 

7 

(3.6) 

3 

(10.0) 

17 

(2.0) 

Pterygium 0 
3 

(4.6) 
0 0 0 0 0 0 

3 

(0.4) 

Corneal scarring 
223 

(64.6) 

4 

(6.2) 

4 

(4.4) 

30 

(66.7) 

16 

(72.7) 

21 

(47.7) 

30 

(15.6) 

8 

(26.7) 

336 

(40.3) 

Lack of neo-

vascularisation  

303 

(87.8) 

45 

(69.2) 

88 

(96.7) 

20 

(44.4) 

5 

(22.7) 

26 

(59.1) 

94 

(49.0) 

20 

(66.7) 

601 

(72.1) 

Lens status – 

Phakic 

343 

(99.4) 
0 

67 

(73.6) 

38 

(84.4) 

21 

(95.5) 

22 

(50.0) 

97 

(50.5) 

16 

(53.3) 

604 

(72.4) 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; VK= 

viral keratitis; TR=trauma; RPT=repeat; OT = other 

 

Table 4.3a Details of past ocular history for penetrating keratoplasty eyes in patients 

undergoing corneal transplantation in the Auckland region for the decade 2000-2009, (n=834 

eyes) 

Of 73 eyes that underwent DALK, 14 (19.2%) had undergone a contralateral graft, 29 

(39.7%) demonstrated some degree of corneal scarring, the majority 62 (84.9%) were free of 

neovascularisation and most were phakic 71 (97.3%). Of 28 eyes that underwent endothelial 

keratoplasty (DSEK/DSAEK), 5 (17.9%) had undergone a contralateral graft, the majority 26 

(92.9%) were free of neovascularisation and only 2 (7.1%) were phakic. Corneal 

Neovascularisation 

In the current study, 601 penetrating keratoplasty eyes had no neovascularisation 

preoperatively, 76 eyes had one quadrant of neovascularisation, 77 eyes had two quadrants of 

neovascularisation, 26 eyes had three quadrants of neovascularisation, and 54 had four 
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quadrants of neovascularisation. Details of the extent of corneal neovascularisation in eyes 

undergoing full thickness graft according to indication are provided in Table 4.3b.  

Quadrants of 

Neovascularisation 

KC 

(%) 

BK 

(%) 

CD 

(%) 

CU 

(%) 

VK 

(%) 

TR 

(%) 

RPT 

(%) 

OT 

(%) 

TOTAL 

(%) 

0 
303 

(87.8) 

45 

(69.2) 

88 

(96.7) 

20 

(44.4) 

5 

(22.7) 

26 

(59.1) 

94 

(49.0) 

20 

(66.7) 

601 

(72.1) 

1 
17 

(4.9) 

8 

(12.3) 

2 

(2.2) 

9 

(20.0) 

10 

(45.5) 

7 

(15.9) 

22 

(11.5) 

1 

(3.3) 

76 

(9.1) 

2 
19 

(5.5) 

6 

(9.2) 

1 

(1.1) 

6 

(13.3) 

5 

(22.7) 

7 

(15.9) 

28 

(14.6) 

5 

(16.7) 

77 

(9.2) 

3 
2 

(0.6) 

5 

(7.7) 
0 

3 

(6.7) 
0 

3 

(6.8) 

12 

(6.3) 

1 

(3.3) 

26 

(3.1) 

4 
4 

(1.2) 

1 

(1.5) 
0 

7 

(15.6) 

2 

(9.1) 

1 

(2.3) 

36 

(18.8) 

3 

(10.0) 

54 

(6.5) 

TOTAL 
345 

(100) 

65 

(100) 

91 

(100) 

45 

(100) 

22 

(100) 

44 

(100) 

192 

(100) 

30 

(100) 

834 

(100) 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; VK= 

viral keratitis; TR=trauma; RPT=repeat; OT = other 

 

Table 4.3b Details of the extent of corneal neovascularisation by indication in eyes 

undergoing penetrating keratoplasty in the Auckland region for the decade 2000-2009, (n-834 

eyes) 

In the deep anterior lamellar keratoplasty group, 62 eyes had no neovascularisation 

preoperatively, 4 eyes had one quadrant of neovascularisation, 4 eyes had two quadrants of 

neovascularisation, 1 eye had three quadrants of neovascularisation, and 2 eyes had four 

quadrants of neovascularisation. In the endothelial keratoplasty group, 26 eyes had no 

neovascularisation preoperatively, 1 eye had two quadrants of neovascularisation, and 1 eye 

had four quadrants of neovascularisation. 

Glaucoma 

In the current study, 107 (12.8%) penetrating keratoplasty eyes were documented as having 

pre-existing glaucoma. Thirty-five penetrating keratoplasty eyes with pre-existing glaucoma 

had previously undergone filtering surgery (trabeculectomy). Seventeen of these eyes also 

had a glaucoma valve (either a Molteno Tube or a Baerveldt Tube).  Details of the 

penetrating keratoplasty eyes with pre-existing glaucoma are provided in Table 4.3c. No deep 

anterior lamellar keratoplasty eyes were associated with pre-existing glaucoma. Two of the 

28 eyes undergoing endothelial keratoplasty had a pre-operative diagnosis of glaucoma. 
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INDICATION 

 

Number   

of eyes 

Eyes with Pre-

Existing 

Glaucoma (%) 

Eyes with 

Molteno 

/Baerveldt Tube 

(%) 

Eyes with 

Trabeculectomy 

(%)% 

Keratoconus  345 1 (0.3) 0 0 

Bullous Keratopathy  65 20 (30.8) 6 (9.2) 8 (12.3) 

Corneal Dystrophy  91 9 (9.9) 0 3 (3.3) 

Corneal Ulceration  45 5 (11.1) 0 1 (2.2) 

Viral Keratitis  22 2 (9.1) 0 0 

Trauma   44 10 (22.7) 0 2 (4.5) 

Regraft   192 48 (25.0) 8 (4.2) 15 (7.8) 

Other  30 12 (40.0) 3 (10.0) 6 (20.0) 

TOTAL  834 107 (12.8) 17 (2.0) 35 (4.2) 

 

Table 4.3c Details of the penetrating keratoplasty eyes with pre-existing glaucoma in the 

Auckland region for the decade 2000-2009, (n=834 eyes) 

Lens Status 

LENS 

STATUS 

KC 

(%) 

n=345 

BK 

(%) 

n=65 

CD 

(%) 

n=91 

CU 

(%) 

n=45 

VK 

(%) 

n=22 

TR 

(%) 

n=44 

RPT 

(%) 

n=192 

OT 

(%) 

n=30 

TOTAL 

(%) 

n=834 

Phakic 
343 

(99.4) 
0 

67 

(73.6) 

38 

(84.4) 

21 

(95.5) 

22 

(50.0) 

97 

(50.5) 

16 

(53.3) 

604 

(72.4) 

PC  IOL 
1 

(0.3) 

39 

(60.0) 

24 

(26.4) 

6 

(13.3) 

1 

(4.5) 

5 

(11.4) 

71 

(37.0) 

9 

(30.0) 

156 

(18.7) 

AC IOL 0 
10 

(15.4) 
0 0 0 

2 

(4.5) 

4 

(2.1) 

1 

(3.3) 

17 

(2.0) 

Aphakic 
1 

(0.3) 

15 

(23.1) 
0 

1 

(2.2) 
0 

13 

(29.5) 

18 

(9.4) 

4 

(13.3) 

52 

(6.2) 

Aniridia 

IOL 
0 0 0 0 0 

2 

(4.5) 

1 

(0.5) 
0 

3 

(0.4) 

Sutured PC 

IOL 
0 0 0 0 0 0 

1 

(0.5) 
0 

1 

(0.1) 

Iris Clip 

IOL 
0 

1 

(1.5) 
0 0 0 0 0 0 

1 

(0.1) 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; VK= 

viral keratitis; TR=trauma; RPT=repeat; OT = other;  ACIOL, anterior chamber intraocular lens; 

PCIOL, posterior chamber intraocular lens; IOL, intraocular lens 

 

Table 4.3d Details of preoperative lens status by indication in eyes undergoing penetrating 

keratoplasty in the Auckland region for the decade 2000-2009, (n=834 eyes) 
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Details of preoperative lens status by indication for PKP, DALK and DSEK are provided in 

Tables 4.3f, 4.3g and 4.3h, respectively. 

LENS STATUS 

KC 

(%) 

n=44 

CD 

(%) 

n=2 

CU 

(%) 

n=10 

VK 

(%) 

n=5 

RPT 

(%) 

n=2 

OT 

(%) 

n=10 

TOTAL 

n=73 

Phakic 
43 

(97.7) 

2 

(100) 

10 

(100) 

5 

(100) 

2 

(100) 

9 

(90.0) 

71 

(97.3) 

PC IOL 
1 

(2.3) 
0 0 0 0 

1 

(10.0) 

2 

(2.7) 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; VK= 

viral keratitis; TR=trauma; RPT=repeat; OT = other, PCIOL = in-the-bag posterior chamber 

intraocular lens 

 

Table 4.3e Details of preoperative lens status by indication in eyes undergoing deep anterior 

lamellar keratoplasty in the Auckland region for the decade 2000-2009, (n=73 eyes) 

 

LENS STATUS 
BK (%) 

n=7 

CD (%) 

n=15 

TR (%) 

n=2 

RPT (%) 

n=4 

TOTAL 

n=28 

Phakic 0 1 1 (50.0) 1 (25.0) 2 (7.1) 

PC IOL 5 (71.4) 14 0 3 (75.0) 22 (78.6) 

AC IOL 0 0 0 0 0 

Aphakic 1 (14.3) 0 0 0 1 (3.6) 

Morcher IOL 0 0 0 0 0 

Sutured PC IOL 1 (14.3) 0 1 (50.0) 0 2 (7.1) 

BK = bullous keratopathy; CD = corneal dystrophy; TR = trauma; RPT = regraft, , PCIOL = in-the-bag 

posterior chamber intraocular lens 

Table 4.3f Details of preoperative lens status by indication in eyes undergoing endothelial 

keratoplasty in the Auckland region for the decade 2000-2009, (n=28 eyes) 

 

4.4 MEDICAL HISTORY 

Results 

Details of past medical history are provided in Table 4.4a. Insufficient data was available for 

seven patients. The most common systemic medical condition was asthma (23.6%) followed 

by hypertension (15.7%), ischaemic heart disease (12.7%), and diabetes (8.5%). Five patients 

had such significant co-morbidities that they were deemed unfit for general anaesthetic, and 

the operation was therefore performed under local anaesthetic.  
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Past Medical History Number of Patients Percentage of patients 

Ischaemic Heart Disease 120 12.7 

Cerebrovascular Disease 36 3.8 

Diabetes 80 8.5 

Hypertension 148 15.7 

Peripheral Vascular Disease 14 1.5 

Connective Tissue Disorder 20 2.1 

Immunocompromise 7 0.7 

Epilepsy 13 1.4 

Thyroid Disease 21 2.2 

Cancer (various) 48 5.1 

Mental health illness 56 5.9 

COPD 21 2.2 

Asthma 222 23.6 

Eczema 79 8.4 

Hay fever 61 6.5 

 

Table 4.4a Details of the past medical history of patients undergoing corneal transplantation 

in the Auckland region for the decade 2000-2009, (n=941 eyes). Insufficient data was 

available for seven patients. 

Atopy 

The records of each patient were reviewed to determine the presence of a clinical history of 

atopy. Overall, the percentage of transplantation procedures associated with asthma, eczema 

and hay fever was 23.6%, 8.4%, and 6.5%, respectively. Details of the number of procedures 

associated with atopic conditions by indication are provided in Table 4.4b. 

INDICATION Asthma Eczema Hay fever 

Keratoconus (n=389) 148 (38%) 62 (15.9%) 46 (11.8%) 

Bullous keratopathy (n=72) 6 (8.3%) 0 (0%) 1 (1.3%) 

Corneal dystrophy (n=108) 5(4.6%) 1 (0.9%) 4 (3.7%) 

Corneal ulceration (n=58) 9 (15.5%) 4 (6.9%) 0 (0%) 

HSV keratitis (n=27) 1 (3.7%) 1 (3.7%) 0 (0%) 

Trauma (n=46) 5 (10.9%) 1 (2.2%) 0 (0%) 

Regraft  (n=198) 44 (22.2%) 9 (4.5%) 8 (4.0%) 

Other (n=43) 4 (9.3%) 1 (2.3%) 2 (4.7%) 

TOTAL (n=941) 222 (23.6%) 79 (8.4%) 61 (6.5%) 

Table 4.4b Details of transplantation procedures associated with atopic conditions, by 

indication for cases undergoing corneal transplantation in the Auckland region for the decade 

2000-2009, (n=941 eyes) 
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Figure 4.4a The distribution of atopic conditions by age group for cases undergoing corneal 

transplantation in the Auckland region for the decade 2000-2009. Number of eyes per age 

group; 0 to 9, n=2; 10 to 19, n=60; 20 to 29, n=198; 30 to 29, n=162; 40 to 49, n=118; 50 to 

59, n=116; 60 to 69, n= 108; 70 to 79, n=27; 80 to 90, n=3, (n=941 eyes). 

 

Atopic conditions were most common in the 20 to 29 year old age bracket (asthma 38.8%, 

eczema 45.6%, and hay fever 39.3%) with the relative proportion of patients affected 

declining steeply with increasing age. The relative proportions of atopic conditions by age 

group are illustrated in Figure 4.4a. 

 

Obesity 

The patient weight at the time of surgery was recorded. Insufficient data was available for 

172 (18.3%) patients. Height data was not available, and it was therefore not possible to 

calculate body mass index (BMI). Details of the distribution of patient weight are provided in 

Table 4.4c. Amongst males, the most common weight group was between 75 to 90kg (24%) 

followed by the 50 to 75kg weight group (20.8%). The most common weight group amongst 

females was 50 to 75kg. Overall, 24.5% of males and 17.5% of females had a baseline weight 
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greater than 100kg, while 1.9% had a baseline weight greater than 150kg.  Details of the 

distribution of weight by gender are provided in Table 4.4c. 

 

Weight Group Male (%) Female (%) Total (%) 

less than 50kg 2 (0.4) 23 (5.5) 25 (2.7) 

50 to 75kg 109 (20.8) 167 (40.3) 277 (29.4) 

>75 to 90kg 126 (24.0) 59 (14.1) 185 (19.6) 

>90 to 100kg 52 (9.9) 29 (7.0) 81 (8.6) 

>100 120kg 69 (13.1) 46 (11.0) 115 (12.2) 

>120 to 150kg 50 (9.5) 19 (4.6) 69 (7.3) 

>150kg 10 (1.9) 8 (1.9) 18 (1.9) 

Unknown 107 (20.4) 65 (15.6) 172 (18.3) 

TOTAL 525  416 941 

 

Table 4.4c Distribution of weight, at time of operation, by gender for patients undergoing 

corneal transplantation in the Auckland region for the decade 2000-2009, (n=941 cases) 

 

Smoking Status 

Smoking status was recorded for each patient under the following three headings; never 

smoked (n=664, 70.6%), current smoker (n=136, 14.4%) and ex-smoker (n=134, 14.2%). 

Insufficient data was available for seven patients.  

 

4.5 DISCUSSION 

4.5a Patient Demographics 

In the current study, transplant recipient demographics in the Auckland region during the 

timeframe 2000-2009 were found to be generally comparable with previous New Zealand 

studies with respect to age, gender, and ethnicity. 139 The mean age was 46.4 ± 20.4 years 

which is consistent with the observations of Edwards et al (47.5 years) 139 and Cunningham et 

al (48 years), 140 though younger than that reported in large international studies from the 

United Kingdom (54.2 years),354 the United States (63.9 years),355 and France (50.4 years).357 

Previous authors have postulated that this may reflect the fact that almost half of the 

keratoplasty procedures in New Zealand are performed for keratoconus.140 Interestingly, the 

bimodal pattern of age distribution observed in other studies 139,140,356,358 was present but less 

prominent in the current study. Considering that the median age is 35.9 years for people in 
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New Zealand,361 the bimodal distribution may be masked by the lower overall population 

numbers for the 70-79 year group compared to the 20-40 year old group.  

 

In concordance with previous New Zealand studies, 139,140 a male preponderance was 

observed. In the current study, this overall male bias was influenced by the fact that 

keratoconus, the leading indication for corneal transplantation in New Zealand, was a 

significantly more common indication in men than in women (Odds ratio 1.3719; p value = 

0.0324). There are several possible explanations for keratoconus being a more common 

indication in men than in women in the current study. Whether keratoconus is more common 

in men, or they have a more aggressive disease requires further research.139  Although 

keratoconus is classically described as having a female preponderance, 362,363 a number of 

recent studies suggest that keratoconus affects a higher proportion of males than females. 

133,136,364-366 Furthermore, Damji et al reported that male patients with keratoconus were 

significantly younger than their female counterparts at the time of corneal transplant surgery, 

giving rise to the hypothesis that male patients have a more aggressive form of the disease.367 

Conversely, Maeno et al did not find that affected male patients were significantly younger 

than affected female patients at the time of surgery.368  In the Collaborative Longitudinal 

Evaluation of Keratoconus (CLEK) study, gender was not identified as a predictor of corneal 

scarring, nor was it found to be a risk factor for progression to penetrating keratoplasty in 

patients with keratoconus.365 

 

The current study corroborates the published epidemiologic data regarding a female bias to 

Fuchs endothelial dystrophy and bullous keratopathy, as well as the finding that ocular 

trauma has a male preponderance.139,368,369 In the Auckland Cataract Study,370 a marked 

female preponderance (62%) was observed in patients presenting for cataract surgery; 

undoubtedly a reflection of the higher life expectancy of women compared with men. 

Considering that bullous keratopathy is a known complication of cataract surgery, it is 

therefore not surprising that bullous keratopathy is more common in women. Epidemiological 

data also suggests a female predisposition of female subjects to Fuchs endothelial 

dystrophy.371  

The ethnic composition of individuals undergoing corneal transplantation was compared with 

the overall New Zealand and Auckland populations. According to the 2006 New Zealand 

census,361 67.6% identified ethnically as European and 14.6% as Maori. Other major ethnic 
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groups include Asian (9.2%) and Pacific peoples (6.9%), while 11.1% identified themselves 

simply as a ‘New Zealander’. Auckland is the most ethnically diverse region in New Zealand, 

with 56.5% of its population identifying with the European ethnic group, 18.9% with the 

Asian ethnic group, 14.4% with the Pacific peoples ethnic group, and 11.1% with the Maori 

ethnic group.361  Two-thirds of Pacific peoples live in the Auckland region.  

The majority of corneal transplant recipients were European (58%), followed by Pasifika 

(19%), Maori (12%), Indian (7%), and other (4%).  

 

Pasifika patients were significantly overrepresented in the corneal transplant population with 

respect to the total New Zealand and Auckland populations.  This may reflect the fact that 

almost half of the keratoplasty procedures in New Zealand are for keratoconus.139,140 

Although precise epidemiological data is lacking, an increasing body of evidence lends 

weight to the hypothesis that Maori and Pacific populations have a higher incidence of 

keratoconus than other populations in New Zealand.136,139,140,372,373 In the current study, 

Pasifika patients accounted for 29.8% of all patients undergoing corneal transplantation for 

keratoconus despite only comprising 14.4% and 6.9% of the total Auckland and New Zealand 

populations, respectively (p<0.0001). While there were no statistically significant differences 

in the overall proportions of Maori and European patients, Maori patients were significantly 

overrepresented in the keratoconic corneal transplant recipient group, whereas European 

patients were significantly underrepresented compared with the total New Zealand and 

Auckland populations. 

The influence of socioeconomic status on health outcomes is well established.374-376 Arguably 

the most well-known study of its kind, the Whitehall study of British civil servants 

demonstrated a steep inverse association between social class, and mortality from a wide 

range of diseases.375 In the current study, information on a number of socioeconomic 

variables was recorded including treatment centre (private or public), level of deprivation, 

and employment status. The impact of socioeconomic status on corneal graft outcomes and  

patient access to health care is assessed in Chapters 8.1 and 10.1. 

In the study cohort, the largest patient group was associated with the highest level of 

deprivation; 21.1% of public patients and 16.2% of the total patient number. In the private 

sector, the largest patient group (12%) corresponded to a deprivation index of 1. The 

differences between public and private patients were most pronounced at the extremes of the 

deprivation scale; public patients were significantly more likely to be from the most deprived 
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10 and 20 per cent of the population, and significantly less likely to be from the least 

deprived 10 per cent of the population compared with private patients. With the exception of 

deprivation indices of 1, 4, 7 and 10, the percentage of private corneal transplant recipients 

associated with each level of deprivation approached 10% (9.1% to 10.7%). Given that each 

deprivation value corresponds to 10 per cent of the overall population, the distribution of 

deprivation in the private sector appears to approximate that of the general population. 

Conversely, the deprivation level of public patients appears to be skewed towards higher 

levels of deprivation. 

New Zealand’s healthcare system is funded primarily through general taxation making most 

public health system treatments free, although private healthcare is also available.140  The 

principle of the ‘dual system’ of health care was established in the original Social Security 

Act of  1938. The dual system recognises that a taxpayer-financed public health system is an 

“essential service in a compassion society” whilst allowing those individuals who are 

prepared to assign a greater proportion of their resources to health care, “the right and the 

opportunity to do so”.377 Overall, 77 per cent of health expenditure in New Zealand is funded 

by the public through taxes, 5 per cent by private health insurance premiums, and less than 1 

per cent by non-profit organisations; the remainder (17 per cent) is paid directly by those 

receiving the service.378 Approximately one-third of New Zealanders have some form of 

private health care insurance, but this accounts for less than 6 per cent of total health care 

expenditures.379 

In the current study, approximately two-thirds of corneal transplantation procedures were 

performed in the public health care system and approximately one-third were performed in 

the private health care system. Patients may choose to be seen privately for a number of 

reasons. Waiting times are often shorter, and private specialists may offer greater flexibility 

with regards to appointment scheduling. Moreover, the private health system allows the 

patient greater choice in their treating clinician. The major disadvantage of the private health 

system is cost. In view of the associated expense, patients who seek private health care might 

be considered to have greater financial security. Alternatively, these patients may have 

chosen to emphasise health as a priority over other competing demands on their resources. In 

the current study, this latter concept is supported by the fact that the distribution of 

deprivation in the private sector was closely aligned with that of the New Zealand population. 

Of note, all transplant procedures outlined in the current study were performed or directly 

supervised by one of four ophthalmologists, each working in both the public and private 
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sector. Therefore, patients could readily access these four surgeons in both private and public 

sectors thereby negating the need to ‘go privately’ to be under the care of a more experienced 

transplant surgeon (although in public teaching hospitals the procedure may be performed by 

a trainee ophthalmologist under supervision). 

Keratoconus and corneal graft failure were the two leading indications for corneal 

transplantation in both the public and private sectors. Variation was observed between 

treatment centres in the relative proportion of the number transplant procedures performed for 

different indications. Corneal ulceration and viral keratitis were significantly more prominent 

in the public than in the private sector. Conversely a greater percentage of procedures were 

performed for trauma and corneal dystrophy in the private compared with the public sector. 

The higher percentage of procedures performed for corneal ulceration in the public sector 

(9.3%) compared with the private sector (2.4%) may reflect the fact that emergency 

procedures are more commonly performed in the public sector. The influence of the Accident 

Compensation Corporation (ACC) may account for the greater percentage of secondary 

procedures performed for trauma in the private sector (8.3%) compared with the public sector 

(4.1%). ACC is the sole and compulsory provider of accident insurance for all work and non-

work related injuries in New Zealand. The ACC Scheme provides a range of entitlements to 

injured people, including complete coverage or a significant contribution towards treatment 

in the private sector to expedite rehabilitation. 

Problems with transportation, travel time, and parking can undermine a patient’s willingness 

or capacity to attend follow-up appointments.380 This is of particular significance, not only 

because follow-up appointments are necessary for monitoring outcome, but also because poor 

attendance is associated with a failure to continue medication.381 Auckland City Hospital is 

the largest tertiary referral centre in New Zealand, and provides secondary, tertiary and 

quaternary health care services to the people of Auckland and beyond. Although the majority 

of patients are domiciled within the catchment area of Auckland City Hospital, patients may 

also be referred from all over New Zealand and the Pacific. Moreover, patients seeking 

private ophthalmic care may choose to travel to Auckland for treatment.  

In the current study, the majority of patients (65.8%) lived within a 25 kilometre (km) radius 

of the treatment centre. A number of patients however, travelled considerable distances for 

treatment, including 14 patients from the South Island, and 33 patients from overseas. The 
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impact of time and distance on patient access to health care and corneal graft outcomes is 

assessed in more detail in Chapters 8.1 and 10.1. 

 

4.5b Indications 

 

Diseases affecting the cornea are a major cause of blindness worldwide. According to the 

World Health Organisation (WHO) estimates, corneal opacities are responsible for 5.1% of 

the global burden of blindness, and account for 3% of the causes of blindness in developed 

regions such as Australia, Europe (Denmark, Finland, Iceland, Ireland, Italy, Netherlands, 

and United Kingdom) and United States of America.382 Blindness secondary to corneal 

disease encompasses a wide variety of degenerative, dystrophic, infectious, inflammatory and 

traumatic eye conditions.383 Indeed, the epidemiology of corneal blindness is complex and 

exhibits geographic variations in both prevalence and aetiology. 

 

Corneal transplantation remains the primary method of visual rehabilitation in the context of 

visual impairment secondary to advanced corneal disease. A number of studies have reported 

changing trends in the indications for corneal transplantation over time.384-387 For example, 

studies suggest that viral keratitis is declining as an indication for corneal 

transplantation378,388 whereas Fuchs endothelial corneal dystrophy is increasing in 

importance.379 Temporal changes have been attributed to a number of factors including: 

evolving surgical techniques, and improved diagnostic and therapeutic capabilities.  

Geographic variations in the indications for corneal transplantation have also been observed. 

For example, keratoconus is consistently reported as the most common indication for corneal 

transplantation in New Zealand and Australia 139,140,194, whereas bullous keratopathy and 

Fuchs endothelial dystrophy are the most important indications for corneal transplantation in 

North America.355,378,385,389 A number of theories have been proposed to account for 

geographic variations in the indications for corneal transplantation including: ethnic and 

climatic influences, socioeconomic factors, referral bias in tertiary and secondary centres, and 

selection bias.360,390,391  Differences in the indications for corneal transplantation may reflect 

regional differences in tissue availability and criteria for transplantation, rather than regional 

differences in disease prevalence rates. In areas with a paucity of corneal tissue, selection bias 

in favour of patients with the best prognosis may distort the picture of disease burden within 
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the population. A summary of the leading indication for corneal transplantation by 

geographic region is provided in Appendix 4.5a-i. 

In the current study, decreased vision was the most common reason (89.4%) for corneal 

transplantation. Other reasons for corneal transplantation included structural instability 

(6.3%) and pain (2.9%). These results are consistent with other published reports. Within the 

literature, optical indications are the most commonly described reason for corneal 

transplantation, accounting for 74% to 91% of procedures performed.115,192,354,392 Tectonic 

and therapeutic reasons account for 4% to 6.8%, and 1.7% to 8.1% of procedures, 

respectively.115,192,354,391 Pain relief has been reported as the indication for surgery in around 

4% to 4.6% of patients.115,192 Overall, less than 1% of cases are performed for purely 

cosmetic reasons. 115,354,392 

In the current study, 69% and 39.4% of eyes had a preoperative best corrected visual acuity 

(BCVA) of less than 6/18, and less than 6/60, respectively. Previous studies have also 

reported significant preoperative visual impairment. Of the 16,291 penetrating keratoplasties 

followed up by the Australian Corneal Graft registry, preoperatively 3.4% of eyes had visual 

acuity of 6/12 or better, 26.5% were 6/15 to 6/60, and 47.7% were counting fingers or 

worse.115 The preoperative visual acuity was unknown in 22.4% of cases. The Corneal 

Transplant Follow up study (2,777 eyes) reported preoperative visual acuities of >6/24 in 

14% of eyes, <6/24 in 22% of eyes, and <6/60 in 62% of eyes. 

Keratoconus 

The major indication for keratoplasty in this study was keratoconus. Keratoconus is 

established as the leading cause for corneal transplantation in New Zealand and Australia, 

115,139,140,393 and has been reported as a major indication in a number of studies based in the 

United Kingdom,240,394-398 North America,399-401 Europe,298,357,369,402,403 Middle 

East,386,390,404,405 and South America.406,407 Geographic variations are observed in the 

proportion of corneal transplantation procedures performed for keratoconus - ranging from 

1.9% to 65%.403,407 Several factors may account for this variation including ethnic and 

geographic variations, and differences in diagnostic criteria.125  

 

An increased prevalence of keratoconus in the New Zealand population has been 

hypothesised, evidenced by the high national rate of corneal transplantation for keratoconus 

compared with international data.118,139 However, precise epidemiological data are lacking. 
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Although exact figures are unknown, reports suggest that Maori and Pacific populations have 

a higher prevalence of keratoconus than other populations in New Zealand.118,136,140  

 

Regraft 

 

Regraft continues to be an important and increasingly common indication for corneal 

transplantation despite advances in ocular immunosuppressive, antihypertensive and 

antibiotic therapy.188 A number of centres have reported graft failure as the leading 

354,368,387,408-413 or second leading indication384,389 for corneal transplantation with an overall 

mean of approximately 18% (range, 2.3% to 51%) of cases performed.167 In the current study, 

regraft was the second leading indication for keratoplasty. The results of the current study 

suggest that the percentage of regrafts performed in the Auckland region (21%) is higher than 

the national rate (17%). This most likely reflects a referral bias, as Auckland is the largest 

tertiary referral centre in New Zealand. 

Previous studies from New Zealand suggest that the total number and percentage of regrafts 

have increased from 7.5% between 1990-1999,139 to 17% between 2000-2009.140 There are 

several possible explanations for the increasing importance of regraft as an indication for 

corneal transplantation. The total number of corneal transplantation procedures performed in 

New Zealand is increasing with the number of transplants performed between 2000 and 2009 

almost double that reported from the previous decade.140,369 The corollary is an increasing 

number of corneal graft failures.  Furthermore, surgeons may have been traditionally 

reluctant to perform corneal transplantation procedures to replace a previously failed graft 

because of the high risk of graft failure associated with regrafts. Modern surgical techniques 

and ocular immunosuppressive therapies may have played a role in overcoming this 

reluctance.   

Keratoconus (45.5%) was the most common original diagnosis for eyes undergoing repeat 

corneal transplantation, followed by bullous keratopathy (14%), and trauma (10%). These 

observations differ from the international literature where bullous keratopathy is frequently 

cited as the most common original diagnosis.128,188,355,378,410,414 The original diagnosis for eyes 

undergoing regraft will reflect the common indications for corneal transplantation in the 

background population. Given that keratoconus is the leading indication for corneal 

transplantation in New Zealand, it is not surprising that keratoconus is the most common 
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original diagnosis in eyes undergoing regraft. Furthermore, corneal transplants for 

keratoconus are typically performed at a younger age and are therefore the longest serving 

grafts.  A summary of the original diagnosis of regrafts reported by different studies is 

provided in Table 4.5a. 

STUDY 
ORIGINAL DIAGNOSIS 

VK CD KC ABK PBK TR RPT UC SC OT 

Al-Yousuf et al354 21.2 15.2 12.8 14.6 13.7  3.1 3.1 14.2 

Patel et al 188 6 11 8 9 27 - 20 - - - 

Weisbrod et al 414 4.3 5.2 7.6 8.6 45.7 6.9 - - - - 

Xie et al415 23.4 5.2 2.6 7.8 31.2 - 14.3 9.1 - 

Wang et al416 18.6 - - - - 16.9 - 38.9 - - 

Brady et al 378 6.4 9.4 8.6 19.7 18.9 6.8 - 1.7 0.4 - 

Lois et al 410 7.4 11.3 6.7 12.2 28.5 2.8 - 3.7 1.6 - 

Cosar et al 355 8.3 7.6 10.5 19.2 40.9 0.7 - 1.8 0.7 - 

Chen et al128 - 3.1 0.6 28.5 - - 37 22.2 - 

Smith et al409 13.6 7.3 17.3 17.3 - 6.3 - 5.5 11.7 - 

Morris et al395 22.1 19.8 16.3 9.3 3.5 - 11.6 3.5 - 

VK = viral keratitis, CD = corneal dystrophy (including Fuchs), KC = keratoconus, ABK = aphakic 

bullous keratopathy, PBK= pseudophakic bullous keratopathy, TR = trauma (mechanical and 

chemical), RPT = repeat graft, UC = ulcerative condition, SC= scarring, OT = other, UK = unknown 

 

Table 4.5a A summary of the original diagnosis of regrafts reported by different studies 

Repeat corneal transplantation may take the form of a full thickness or endothelial graft. 

Endothelial keratoplasty under a previous failed penetrating keratoplasty may be considered 

as an alternative to repeat standard penetrating keratoplasty, particularly in the context of an 

eye with acceptable topography and refractive outcome prior to failure.168 However, 

endothelial keratoplasty was introduced in New Zealand in the final two years of the study 

period and accounted for only 4 cases of repeat graft in the current study. 

Corneal Dystrophy 

Corneal dystrophy (11.5%) was the third most common clinical indication for corneal 

transplantation, with Fuchs endothelial dystrophy (FED) accounting for 91 of the 108 eyes 

with corneal dystrophy. Globally, the proportion of corneal transplantation procedures 

performed for Fuchs endothelial dystrophy ranges from 0.6% to 

25.1%.115,128,139,140,298,354,355,357,368,369,378,384-387,389-399,401-404,408-413,415-436 FED was identified as 

leading cause for corneal transplantation in the Eye Bank Association of America 2011 

Statistical Report.437 
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Interpretation of differences in the rate of corneal transplantation for FED is complicated by 

the common combination of FED and pseudophakic bullous keratopathy. In such cases, the 

primary indication for surgery may be ambiguous and may be interpreted in different ways by 

different centres.  

Bullous Keratopathy 

Within the international literature, the relative importance of bullous keratopathy as an 

indication for corneal transplantation is hugely variable ranging from 4.4 to 

50.1%.115,128,139,140,298,354,355,357,368,369,378,384-387,389-399,401-404,408-413,415-436. The rate of bullous 

keratopathy (7.6%) reported in this study is therefore comparatively low. Furthermore, 

previous studies from New Zealand suggest that the proportion of transplants performed for 

bullous keratopathy is declining – from 17.3% in the period 1990-1999,139 to 12.9% in the 

period 2000-2009.140 

Globally, dynamic trends in the proportion of corneal transplantation procedures performed 

for aphakic and pseudophakic bullous keratopathy have been observed. These trends reflect 

the major developments in modern cataract surgery technique. In the last 30 years, modern 

cataract surgery has evolved from intracapsular (ICCE) to extracapsular extraction (ECCE) 

with intraocular lens (IOL) implantation in the late 1970s, to small incision 

phacoemulsification during the late 1980s, to sutureless phacoemulsification with foldable 

IOL’s in the 1990s.438-440  

Aphakic bullous keratopathy has declined as an indication for corneal transplantation 

following the advent of modern cataract surgery techniques.384-387,422,427 Conversely, the 

emergence of pseudophakic bullous keratopathy as a major indication for penetrating 

keratoplasty correlated with the dramatic increase in the number of cataracts extractions with 

IOL implantation performed since the mid-1990s.110,420 Data from the Eye Bank Association 

of America (EBBA) suggest a gradual decease in PBK frequency following its peak in 

1989.370 This may reflect improved surgical technique and the introduction of 

viscoelastics.110 Studies illustrating the changing importance of aphakic and pseudophakic 

bullous keratopathy as indications for corneal transplantation are provided in Appendix 4.5j. 
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Ulcerative conditions 

Geographic variations are observed in the importance of active and healed ulceration as an 

indication for corneal transplantation. Although corneal ulceration features as the leading 

indication for transplantation in studies originating from India,434 China,415,416 and South 

America436, it is responsible for only a minority of cases performed in other regions.115,370,441 

In the current study, corneal ulceration accounted for 6.2% of all corneal transplantation 

procedures. 

 

Trauma 

In the reported literature, the importance of trauma as an indication for corneal 

transplantation ranges widely from 0-33.8%.115,128,139,140,298,354,355,357,368,369,378,384-387,389-399,401-

404,408-413,415-436 Trauma accounted for 4.9% of transplantation procedures in the current study.  

Viral Keratitis 

Viral keratitis accounted for only 2.9% of transplantation procedures in the current study and 

was the least common indication for surgery. Globally, corneal scarring secondary to viral 

keratitis remains an important, though declining indication for corneal transplantation.378 

During the 1950s, viral keratitis was among the leading indications for corneal 

transplantation comprising 19.7% and 25.7% of procedures performed at major referral 

centres in Los Angeles and Baltimore, respectively.378,408,409 During the following three 

decades, the relative importance of viral keratitis declined due to increased numbers of 

keratoplasty procedures performed for other conditions such as pseudophakic bullous 

keratopathy and keratoconus.378 In the 1990s, transplantation centres reported a marked 

decline in not only the proportion, but also the number of corneal transplantation procedures 

being performed for viral keratitis.388,442 Cosar et al reported a nearly 90% reduction during 

the 1990s,355 Legeais and colleagues observed an 82% drop from the late 1980s to the late 

1990s,357 and Lois et al noted a 25% decrease between 1990 and 1995.410 Similarly, a large 

retrospective study performed in the United Kingdom demonstrated that viral keratitis 

accounted for 11.7% of all grafts performed between 1971 and 1990 compared with only 

5.9% during the period 1990 to 1999.354 A Tokyo University Hospital study reported that the 

importance of herpetic keratitis declined from 17% to 7.6% between 1987 to 1992 and 1992 

to 1997.443 Similar results were published by the University of California where herpetic 

keratitis accounted for 7% of corneal transplants performed from 1972 to 1981 compared 
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with only 1% performed from 1987 to 2001.442In the current study, herpes keratitis accounted 

for 2.9% of procedures. 

A number of factors have been postulated to account for the declining importance of viral 

keratitis as an indication for corneal transplantation.442 This decline may reflect 

improvements in the medical management (oral and topical acyclovir, and the judicious use 

of topical corticosteroids) of both herpes simplex and herpes zoster keratitis which have led 

to a diminished number of cases progressing to visually significant scarring. Another possible 

explanation is that enhanced diagnostic accuracy in recent years has led to fewer eyes being 

assigned the diagnosis of viral keratitis. A third possible explanation is that the poorer 

prognosis of viral keratitis compared with other indications for keratoplasty has led to a 

selection bias, with fewer patients electing to undergo surgery. 

 

4.5c Ocular History 

 

An understanding of the patient’s ocular history is essential to preoperative planning, 

postoperative management and estimation of visual prognosis. A number of features of the 

ocular history have been shown to increase the risk of immune-mediated rejection and/or 

graft failure including corneal neovascularisation, repeat grafts, bilateral grafts, past or 

present inflammatory eye disease, past or present elevations in intraocular pressure, history of 

previous intraocular surgery, ocular surface disease, and quadrants of posterior synechiae.444 

The identification of high-risk features allows the physician to counsel the patient of their 

prognosis and to plan immunosuppression therapy.  

Ocular history is also essential to the formulation of realistic outcome expectations. The 

presence of concurrent ocular morbidities such as glaucoma, macular degeneration, or 

diabetic retinopathy may significantly limit the visual potential of the eye. In this context, 

successful corneal transplantation may not achieve the desired visual rehabilitation. Ocular 

history is therefore an important consideration in the decision to proceed with surgery. 

Contralateral Graft 

Overall, a quarter of patients undergoing penetrating keratoplasty had a corneal graft in the 

contralateral eye. Higher rates were observed in regrafts (40.6%), corneal dystrophy (27.5%), 

and keratoconus (26.4%) compared with ‘other’ (13.3%), corneal ulceration (11.1%), bullous 

keratopathy (6.2%), viral keratitis (4.8%), trauma (2.3%). This most likely reflects the fact 
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that keratoconus and corneal dystrophy are typically bilateral conditions. In the current study, 

the two most common original diagnoses for regraft were keratoconus and corneal dystrophy. 

The presence of a contralateral corneal graft may have several implications. First, intra- and 

postoperative events in the first eye may forewarn the surgeon of potential challenges in the 

second eye.  Furthermore, patients who have previously undergone corneal transplantation 

could reasonably be expected to have an enhanced understanding of the procedure and the 

requirement for postoperative treatment. Finally, patients who have previously undergone 

corneal transplantation, albeit in the contralateral eye, will have increased immunogenicity 

compared with a naïve host.  

Corneal Neovascularisation 

Corneal neovascularisation is considered an important risk factor for immune-mediated 

rejection. A meta-analysis concluded that there is a strong association between pathologic 

corneal neovascularisation and increased risk for graft failure and rejection after 

keratoplasty.445 Moreover, the risk of graft failure increases incrementally with increasing 

number of vascularised corneal quadrants before keratoplasty. Figure 4.5a shows a slit lamp 

photograph of an eye with a failed penetrating keratoplasty graft with extensive 

neovascularisation.  

Within the literature, the reported incidence of preoperative neovascularisation ranges 

considerably from 16.1% to 56.6%.193,240,391,397,437,446,447 In the current study, 27.9% of 

penetrating keratoplasty eyes had a degree of preoperative corneal neovascularisation. The 

degree of neovascularisation varied by indication, with corneal dystrophy (3.3%) and 

keratoconus (12.2%) exhibiting low rates of preoperative neovascularisation compared with 

viral keratitis (77.3%), corneal ulceration (55.6%), and regraft (51%).  This most likely 

reflects the association of corneal neovascularisation with inflammatory or infectious 

processes involving the ocular surface. 
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Figure 4.5a Slit lamp photograph of an eye with a failed penetrating keratoplasty graft with 

extensive neovascularisation 

Lens Status448 

Knowledge of the lens status of the eye is critical to effective operative planning. Phakic eyes 

may exhibit cataractous changes, and in this setting corneal transplantation and cataract 

surgery may be performed either simultaneously or sequentially. The comparative merits of 

simultaneous and sequential surgery have often been debated448 however; a recent large 

retrospective study did not identify any differences in graft survival, visual or refractive 

outcomes.449  

The preoperative lens status and the primary indication for corneal transplantation are 

interrelated. Patients with a preoperative diagnosis of pseudophakic or aphakic bullous 

keratopathy have a history of cataract surgery by definition. The corollary is that transplant 

centres with a high proportion of patients with bullous keratopathy will report higher rates of 

eyes with a preoperative lens status of pseudophakia or aphakia. Within the Corneal Graft 

Outcome Study187 the leading indication for corneal transplantation was bullous keratopathy, 

and this was reflected in the relatively high proportion of pseudophakic (45%) and aphakic 

eyes (12%). Conversely, treatment centres with a younger age distribution of corneal 

transplant recipients could be expected to report higher rates of phakic eyes. In the current 

study, the majority of penetrating keratoplasty eyes (72.4%) were phakic preoperatively, 

whereas 21% were pseudophakic and 6.2% were aphakic. The high proportion of phakic eyes 

reflects the fact that almost half of the transplantation procedures were performed for 
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keratoconus. Other treatment centres with a high burden of keratoconus report a similarly 

high proportion of phakic eyes.193,194,446 

In the treatment of eyes that have previously undergone cataract extraction, the non-corneal 

pathology is often greater than in most phakic eyes.450 It is therefore imperative that other 

sequelae of the previous cataract surgery be evaluated. Furthermore, thorough preoperative 

evaluation of these eyes alerts the surgeon to potential intra- and postoperative complications. 

In pseudophakic eyes, the intraocular lens design (anterior chamber, iris supported, or 

posterior chamber) will influence whether it should be retained or removed. The primary aim 

of intraocular lens (IOL) explantation at the time of corneal transplantation is to reduce the 

incidence of lens associated corneal oedema and eventual graft failure.165 Other 

considerations include optical power, lens instability, and inflammatory complications such 

as chronic cystoid macular oedema and the uveitis-glaucoma-hyphaema (UGH) syndrome.451 

Following explantation of the lens, another lens may be placed in the eye (lens exchange) or 

the eye may remain aphakic.  

 

Figure 4.5b Slit lamp photograph of an eye with an iris clip intraocular lens  

In the current study, 17.9% (n=156) of penetrating keratoplasty eyes had an intracapsular 

type intraocular lens, 2.0% (n=17) had an anterior chamber intraocular lens, 0.4% (n=3) had a 

Morcher aniridic intraocular lens, 0.1% (n=1) had a sutured posterior chamber intraocular 

lens, and 0.1% (n=1) had an iris clip intraocular lens. Figure 4.5b shows a slit lamp 

photograph of an eye with an iris clip intraocular lens. 
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Elevated Intraocular Pressure 

A preoperative diagnosis of glaucoma was documented in 12.8% of penetrating keratoplasty 

eyes. Other published studies reported similar results, ranging from 9.3 -23.7%.187,240,391,397 

Studies suggest that eyes with concomitant glaucoma have a higher rate of corneal graft 

failure compared to eyes without glaucoma.452 The pre-existing use of glaucoma medications 

has been shown to increase the risk of all three leading causes of graft failure: ocular surface 

disease, immunologic graft rejection, and endothelial failure.190 Postoperative elevations in 

intraocular pressure have been identified as an important cause of corneal graft failure, 

accounting for 3.6 to 11.5% of graft failures.192-194,275,391,397  

 

Important risk factors for the development of increased intraocular pressure following 

keratoplasty include; pre-existing glaucoma, the presence of peripheral anterior synechiae, 

previous penetrating keratoplasty, history of trauma, combined penetrating keratoplasty and 

cataract extraction, perforated corneal ulcer, and aphakic bullous keratopathy.453,454 The 

presence of any of these features in the ocular history should signal a heightened requirement 

for careful intraocular pressure monitoring. Intraocular pressure should be stabilised prior to 

proceeding with corneal transplantation in order to optimise graft survival. 

 

The duration and frequency of topical corticosteroid treatment is another important 

consideration. Topical ocular steroids are used to prevent the sequelae of severe ocular 

inflammation and to reduce the risk of graft rejection, but may lead to steroid response 

glaucoma in susceptible patients.455 Purported risk factors include a history of glaucoma or 

glaucoma suspect, older age, and previous steroid response.258 Topical steroids should be 

used judiciously in patients susceptible to steroid response glaucoma. 

 

4.5d Medical History 

Knowledge of the patient’s medical history allows the surgeon to determine whether the 

patient has the ability to undergo the proposed operative procedure.456 Ultimately, a decision 

must be made whether to perform the surgery under local or general anaesthesia, or whether 

to avoid surgical intervention because of the presence of high risk co-morbidities. Pre-

existing medical problems should be optimised before corneal transplantation is undertaken. 
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Furthermore, systemic medical conditions may influence the development and progression of 

ocular diseases. 

Atopic Disease: Asthma, Eczema, and Hay fever 

Atopy is defined as a personal or familial predisposition toward the development of 

immunoglobulin E antibodies in response to low doses of allergen, usually proteins.457 

Clinical manifestations include asthma, atopic eczema/dermatitis, allergic rhinitis, seasonal 

allergic conjunctivitis, and atopic keratoconjunctivitis. There has been a world-wide increase 

in the prevalence of atopic diseases, particularly in industrialised countries such as New 

Zealand.458 Indeed, higher rates of atopic diseases are found in the New Zealand population 

compared with internationally; asthma (22.2%), eczema (15%), and systemic allergy 

(11.4%).459 

 

The high national rates of atopy in New Zealand may have significant implications for 

corneal transplantation. Firstly, keratoconus is the leading cause for corneal transplantation in 

New Zealand 140 and reported associations with keratoconus include atopy and eye 

rubbing.460 Secondly, the increased type 2 T helper cell (Th2) immunity found in the presence 

of atopy may have implications for corneal allograft immunobiology. Although corneal 

allograft rejection classically has been considered as a type I T helper (Th1) cellular 

response,461,462 emerging evidence from murine models suggests that the Th2 cell response 

may also play a role in mediating transplant rejections.463 However, two recent studies 

showed no statistically significant differences in the incidence of graft rejection episodes in 

keratoconus patients with or without a clinical history of atopy.462,464 

The prevalence of atopic conditions varies according to age. The age-distribution of asthma is 

bimodal; prevalence is increased in very young persons and very old persons. Two thirds of 

all asthma cases are diagnosed prior to the age of 18 years, and the majority of children with 

mild to moderate disease observe a decrease or disappearance of symptoms by adult 

life.465,466 Half of patients with eczema present within the first year of life, and 80% present 

before the age of 5 years.467 Eczema may resolve spontaneously with approximately 40% of 

cases persisting into adult life.467 A similar pattern is observed with respect to allergic rhinitis 

(hay fever) with a peak prevalence occurring in childhood and adolescence.467 
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In the current study, the percentage of transplantation procedures associated with asthma, 

eczema and hay fever was 23.6%, 8.4%, and 6.5%, respectively. A high proportion of 

procedures performed for keratoconus were associated with a history of asthma (38%), 

eczema (15.9%) and hay fever (11.8%). A recent study examining the associated features in a 

large New Zealand keratoconic population reported lower rates of asthma (28.6%) and higher 

rates of eczema (24.4%) compared with the keratoconic population described in the current 

thesis.118 However, this study examined the characteristics of keratoconic patients within the 

general population, as opposed to those who have undergone corneal transplantation. 

Compared with keratoconus, other indications such as bullous keratopathy, corneal 

dystrophy, and HSV keratitis were associated with lower rates of atopy. This may reflect the 

apparent association of keratoconus with atopy and eye rubbing as previously mentioned. 

Moreover, differences in the relative proportions of atopy between indications may reflect the 

age-distribution of both atopic conditions and the various indications for corneal 

transplantation. In the current study, atopic conditions were most common in the 20 to 29 

year old age bracket (asthma 38.8%, eczema 45.6%, and hay fever 39.3%) with the relative 

proportion declining steeply with increasing age. 

 

Obesity 

In the current study, 24.5% of males and 17.5% of females had a baseline weight greater than 

100kg, while 1.9% had a baseline weight greater than 150kg.  Amongst males, the most 

common weight group was between 75 to 90kg (24%) followed by the 50 to 75kg weight 

group (20.8%). The most common weight group amongst females was 50 to 75kg. 

 

Obesity poses a significant risk in corneal transplantation because of the potential for adverse 

ocular and systemic intraoperative events. The term obese refers to a condition of excessive 

body fat and is derived from the Latin word obesus meaning ‘fattened by eating’.468  The 

epidemic of obesity is a well-documented phenomenon.469 New Zealand has one of the 

highest obesity rates among OECD (Organisation for Economic Co-operation and 

Development) countries, and data from the Ministry of Health suggest that the rates of 

obesity are increasing; in 2006/07, 25% of the total New Zealand population aged over 15 

years was obese compared with 19% in 1997.470 The 2008/09 Adult Nutrition Survey found 

that Maori and Pasifika adults have higher rates of obesity (44.7% and 57.9%, 

respectively).470 The risk of obesity for Pacific adults is 2.5 times higher than that for the 
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overall New Zealand population.470 Moreover, the prevalence of obesity varies with 

socioeconomic status.374 In developed countries, poverty is associated with an increased 

prevalence of obesity. Conversely, affluence is associated with a greater risk of obesity in 

developing areas.374 

 

Obesity is associated with increased morbidity and mortality. Morbidly obese individuals are 

at a much greater risk of mortality from a host of conditions including; diabetes, 

cardiorespiratory disorders, and certain cancers.468 Sudden unexplained cardiac death is 13 

times more likely in morbidly obese women compared with their non-obese counter-

parts,471,472 and mortality rates have been reported to be 3.9 times greater in overweight men 

compared with those of normal weight.473 

Morbidly obese individuals pose a significant anaesthetic challenge, and in certain cases the 

risk of anaesthetic may be considered unacceptably high.468 In corneal transplantation, 

obesity is a surgical risk factor of heightened importance because the potential for adverse 

systemic events is coupled with the threat of sight threatening ocular complications.474  

Obesity predisposes the eye to increased intraoperative vitreous pressure.474 The most feared 

complication of increased vitreous pressure is an expulsive haemorrhage in which the 

intraocular contents are expelled from the eye with devastating consequences. Other 

complications include endothelial cell loss, cataract formation, natural or intraocular lens 

loss, capsular rupture, and vitreous loss.475 

General anaesthesia has been shown to be accompanied by reduced intraocular pressure, and 

therefore may be of benefit in controlling elevations in pressure.474 Moreover, it has the 

potential benefit of preventing gross body movement in response to noxious stimuli. 

However, many obese patients are not suitable candidates for general anaesthesia.474 The 

decision to proceed under local anaesthetic must carefully evaluate the degree of patient co-

operation, and the readiness of both surgeon and patient to accept the high risk of potentially 

devastating complications. In certain cases, the presence of unacceptably high anaesthetic and 

procedural risks may render corneal transplantation unfeasible. 
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Smoking 

 

In the current study, 70.6% of patients had never smoked, compared with 14.4% and 14.2% 

of current and ex-smokers, respectively. Smoking is the leading cause of preventable death in 

New Zealand, accounting for around 4,300 to 4,600 deaths per year.476 According to Ministry 

of Health estimates, around one in five (19.9%) adult New Zealanders currently smoke.477 A 

slight male preponderance is observed; 21.1% of men and 18.8% of females currently smoke. 

Smoking, both by donors and by recipients, has a major impact on outcomes after solid organ 

transplantation.478 The influence of smoking on corneal graft outcomes has only been 

examined in the Corneal Donor Study where it was not associated with corneal graft 

failure.479 

  

4.6 CONCLUSIONS 

 

This chapter aimed to provide a portrait of the socioeconomic and demographic features of 

patients undergoing corneal transplantation in the Auckland region. The age of transplant 

recipient eyes ranged from 3 to 95 years, with a median age of 44 years. The corneal 

transplant recipient group had significantly higher rates of Pasifika patients than the total 

New Zealand and Auckland populations. Conversely, the corneal transplant recipient group 

had a significantly lower proportion of European patients than the total New Zealand 

population, but this was not significant when compared with the Auckland population. 

Approximately two-thirds of corneal transplantation procedures were performed in the public 

health system and approximately one-third were performed in the private health system. 

The baseline demographic features of corneal transplant recipients in the Auckland region 

suggest an overrepresentation of patients from lower socioeconomic groups. This may have 

important implications for the ability of these patients to access and persevere with health 

care. Individuals undergoing corneal transplantation in the public sector were significantly 

more likely to reside in the most deprived 10 per cent of areas in New Zealand compared 

with private patients. Conversely, private patients were significantly more likely to reside in 

the least and second least deprived 10 per cent of areas in New Zealand compared with public 

patients. 

The results of this study confirm that New Zealand has one of the highest internationally 

reported proportions of corneal transplantation for keratoconus. Keratoconus was 
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overwhelmingly the most common indication for surgery, followed by regraft and corneal 

dystrophy. The proportion of corneal transplantation for bullous keratopathy was low 

compared with the international literature. Corneal ulceration and viral keratitis were 

significantly more likely to be performed in the public centre compared with the private 

sector. Conversely, corneal dystrophy and trauma were significantly less likely to be 

performed in the public centre compared with the private sector. 

Details of the ocular history may forewarn potential intra- and postoperative problems, and 

allows the surgeon to devise a treatment strategy that is tailored to the risk profile of the 

individual patient. In the current study, a significant proportion of patients could be 

considered high-risk for corneal transplantation as a result of their previous ocular history. 

Twenty-five percent of eyes undergoing penetrating keratoplasty had a contralateral corneal 

graft and 12.8% had a background of raised intraocular pressure. 

Asthma was the most common pre-existing medical condition in patients undergoing corneal 

transplantation. In particular, a high proportion of procedures performed for keratoconus 

were associated with a history of asthma, and other forms of atopy such as eczema and hay 

fever. A significant proportion of patients had a baseline weight greater than 100kg. These 

patients were therefore at an increased risk of adverse ocular and systemic intraoperative 

events. 
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CHAPTER 5 

 

Corneal Transplantation and Associated Procedures 
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INTRODUCTION 

 

Full thickness replacement of corneal host tissue with a full thickness donor button has long 

been the standard procedure for treating corneal opacification.264 However, a significant 

proportion of corneal diseases tends to involve either the anterior corneal layers or the 

endothelial layer in isolation. In recent years, the renaissance of lamellar keratoplasty 

techniques that selectively replace only diseased layers of the cornea, while retaining healthy 

layers, has been a fundamental change in the field of corneal transplantation. Globally, there 

has been a dramatic increase in the percentage of donor corneas used for lamellar 

keratoplasty techniques, with a corresponding decline in the percentage used for penetrating 

keratoplasty. 356,480 

 

There is a wide range of variations in operative technique for corneal transplantation. 

Variations include the diameter of trephination, the size disparity between the recipient and 

donor button, and the suture technique. Furthermore, corneal transplantation procedures may 

be performed in isolation or in combination with a variety of other surgical procedures. These 

procedures may be planned in advance of the surgery, or less commonly may be performed in 

response to intraoperative events or observations. Moreover, further surgical intervention 

may be required following corneal transplantation. The indication for postoperative 

procedures may relate to the original corneal transplantation itself or may arise from 

independent factors.  

 

The research highlighted in this chapter aimed to identify trends in the methods of corneal 

transplantation and associated procedures performed in the Auckland region 2000-2009. 

 

5.1 TYPE OF GRAFT 

 

Results 

A total of 933 corneal transplantation procedures were included in the analysis. A mean of 

94.2 ± 18.51 corneal transplantation procedures were performed per year (range: 51 – 117).  

Penetrating keratoplasty accounted for 88.5% (n = 834) of all corneal transplants, the 

remainder being anterior lamellar keratoplasty 7.7% (n = 73), Descemet’s stripping 

endothelial keratoplasty 3.0% (n = 28), and tectonic ‘patch’ keratoplasty 0.6% (n = 6). 

Eighty-two anterior lamellar keratoplasty procedures were attempted, of which 9 were 
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converted to penetrating keratoplasty (11.0%). The first endothelial keratoplasty procedure 

was performed in Auckland in August 2008, and over the ensuing two years a total of 28 

procedures were performed. In 2009, endothelial keratoplasty represented 20.2% of all 

corneal transplantation procedures. Trends in the transplantation type over the study period 

are illustrated in Figure 5.1a. 

 

 

 
 

Figure 5.1a Changes in corneal transplant type in the Auckland Region, New Zealand 

National Eye Bank 2000-2009, (n=941 eyes)  

 

Type of Graft KC BK CD CU VK TR RPT OT TOTAL 

PKP 345 65 91 45 22 44 192 30 834 

DALK 44 0 2 10 5 0 2 10 73 

DSEK 0 7 15 0 0 2 4 0 28 

TECTONIC 0 0 0 3 0 0 0 3 6 

TOTAL 389 72 108 58 27 46 198 43 941 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration;  

VK= viral keratitis; TR=trauma; RPT=repeat, OT = other 

 

Table 5.1a Indications for corneal transplantation by graft type in the Auckland Region, New 

Zealand National Eye Bank 2000-2009, (n=941 eyes) 

 

The indications for corneal transplantation by transplant type are provided in Table 5.1a. 

Keratoconus was the leading indication for penetrating keratoplasty (41.4%) and deep 
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anterior lamellar keratoplasty (60.3%). The leading indication for endothelial keratoplasty 

was corneal dystrophy (53.7%), followed by bullous keratopathy (25%).  
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5.2 SURGICAL TECHNIQUE: PENETRATING KERATOPLASTY 

Results 

Trephine Size 

A total of 834 penetrating keratoplasty procedures were identified. There were 117 full 

thickness grafts in the same-size trephine group, and 705 in the oversize donor trephine 

group. Information regarding relative trephine sizes was unavailable for 12 eyes. In the 

oversize donor trephine groups, the donor trephine was oversized by 0.25mm in 659 eyes, by 

0.5mm in 39 eyes, by 0.75mm in 5 eyes, and by 1.0mm in 2 eyes. Details of the size disparity 

between the recipient and donor button are provided in Table 5.2a. 

 

Disparity:  

Donor vs Host 

Trephine 

KC 

(%) 

n=345 

BK 

(%) 

n=65 

CD 

(%) 

n=91 

CU 

(%) 

n=45 

VK 

(%) 

n=22 

TR 

(%) 

n=44 

RPT 

(%) 

n=192 

OT 

(%) 

n=30 

TOTAL 

(%) 

n=834 

0 mm 56 

(16.2) 

4 

(6.2) 

11 

(12.1) 

9 

(20.0) 

1 

(4.5) 

4 

(9.1) 

27 

(14.1) 

5 

(16.7) 

117 

(14.0) 

0.25 mm 282 

(81.7) 

54 

(83.1) 

71 

(78.0) 

28 

(62.2) 

20 

(90.1) 

36 

(81.8) 

147 

(76.6) 

21 

(70.0) 

659 

(79.0) 

0.50 mm 3 

(0.9) 

6 

(9.2) 

5 

(5.5) 

6 

(13.3) 

1 

(4.5) 

2 

(4.5) 

13 

(6.8) 

3 

(10.0) 

39 

(4.7) 

0.75 mm 1 

(0.3) 
0 0 

1 

(2.2) 
0 0 

3 

(1.6) 
0 

5 

(0.6) 

1.00 mm 
0 0 

1 

(1.1) 

1 

(2.2) 
0 0 0 0 

2 

(0.2) 

Unknown 3 

(0.9) 

1 

(1.5) 

3 

(3.3) 
0 0 

2 

(4.5) 

2 

(1.0) 

1 

(3.3) 

12 

(1.4) 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; 

VK= viral keratitis; TR=trauma; RPT=repeat, OT = other 

 

Table 5.2a Size disparity between the recipient and donor button trephine for penetrating 

keratoplasty eyes in the Auckland region for the period 2000-2009, (n=834 eyes) 

 

The majority of donor grafts (75.5%) were sized between 7.75mm and 8.25mm (range: 3.0 

mm to 11.5 mm). Details of the size of the donor button by indication are provided in Table 

5.2b. Overall, the most common trephination combination involved a 0.25mm oversized 

donor using an 8.25mm donor trephine. In terms of size disparity between donor and host 

button trephination diameter, the most common disparity was a 0.25mm larger corneal donor 

button trephine (n=659, 79%) and the most common donor diameters were 7.75mm (n=184, 

22.1% ), 8.0mm (n=71, 8.5%) and 8.25mm (n=274, 32.8%). A small number of transplants 

had 0.0mm trephine disparity (n=117, 14.0%) or 0.5mm difference in diameter (39, 4.7%) 

and only 7 eyes (0.84%) had a trephine diameter difference of ≥0.75mm 
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Donor 

Trephine 

(mm) 

KC 

(%) 

n=345 

BK 

(%) 

n=65 

CD 

(%) 

n=91 

CU 

(%) 

n=45 

VK 

(%) 

n=22 

TR 

(%) 

n=44 

RPT 

(%) 

n=192 

OT 

(%) 

n=30 

TOTAL 

(%) 

n=834 

3.0 0 0 0 1(2.2) 0 0 0 0 1 (0.1) 

5.0 0 0 0 1 (2.2) 0 0 0 0 1 (0.1) 

6.5 0 0 1 (1.1) 2 (4.4) 0 0 1 (0.5) 0 4 (0.5) 

6.75 0 2 (3.1) 1 (1.1) 3 (6.7) 1 (4.5) 0 3 (1.6) 0 10 (1.2) 

7.0 0 2 (3.1) 1 (1.1) 1 (2.2) 0 1(2.3) 0 1(3.3) 6 (0.7) 

7.25 
14 

(4.1) 

9 

(13.8) 

6 

(6.6) 

6 

(13.3) 

9 

(40.9) 

8 

(18.2) 

11 

(5.7) 

3 

(10.0) 

66 

(7.9) 

7.5 3 (0.9) 4 (6.2) 6 (6.6) 1 (2.2) 0 1(2.3) 6 (3.1) 1(3.3) 22 (2.6) 

7.75 
110 

(31.9) 

20 

(30.8) 

24 

(26.4) 

7 

(15.6) 

3 

(13.6) 

12 

(27.3 

27 

(14.1) 

8 

(26.7) 

211 

(25.3) 

8.0 
58 

(16.8) 

11 

(16.9) 

15 

(16.5) 

5 

(11.1) 

3 

(13.6) 

8 

(18.2) 

27 

(14.1) 

7 

(23.3) 

134 

(16.1) 

8.25 
135 

(39.1) 

16 

(24.6) 

30 

(33.0) 

5 

(11.1) 

3 

(13.6) 

9 

(20.5) 

79 

(41.1) 

7 

(23.3) 

284 

(34.1) 

8.5 4 (1.2) 0 2 (2.2) 0 0 0 8 (4.2) 1(3.3) 15 (1.8) 

8.75 
17 

(4.9) 

1 

(1.5) 

3 

(3.3) 

4 

(8.9) 

1 

(4.5) 

1 

(2.30 

22 

(11.5) 
0 

49 

(5.9) 

9.0 1 (0.3) 0 0 4 (8.9) 2 (9.1) 0 4 (2.1) 1(3.3) 12 (1.4) 

9.25 0 0 0 0 0 0 1 (0.5) 0 1 (0.1) 

9.5 0 0 0 0 0 2(4.5) 0 0 2 (0.2) 

10.0 0 0 0 2 (4.4) 0 0 0 0 2 (0.2) 

10.5 0 0 0 1 (2.2) 0 0 0 0 1 (0.1) 

11.0 0 0 0 2 (4.4) 0 1(2.3) 0 0 3 (0.4) 

11.5 0 0 0 0 0 0 1 (0.5) 0 1 (0.1) 

Unknown 3(0.9) 0 2(2.2) 0 0 1(2.3) 2(1.0) 1(3.3) 9 (1.1) 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; 

VK= viral keratitis; TR=trauma; RPT=repeat, OT = other 

 

Table 5.2b Size of the donor button by indication for penetrating keratoplasty eyes in the 

Auckland region for the period 2000-2009, (n=834 eyes) 

 

Suture Technique 

The most common suture technique employed was interrupted (395 eyes), followed by 

combined interrupted/continuous (298 eyes) and continuous alone (141 eyes). Details of the 

suture technique by indication are provided in Table 5.2c. 
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Indication 

 

Number of eyes 

Corneal Transplant Suture Technique 

 

Interrupted Continuous Combined 

Keratoconus 

 
345 104 (30.1) 80 (23.2) 161 (46.7) 

Bullous keratopathy 

 
65 27 (41.5) 8 (12.3) 30 (46.2) 

Corneal dystrophy 

 
91 19 (20.88) 29 (31.9) 43 (47.3) 

Corneal ulceration 

 
45 41 (91.1) 2 (4.4) 2 (4.4) 

HSV keratitis 

 
22 21 (95.5) 1 (4.5) 0 

Trauma 

 
44 27 (61.4) 1 (2.3) 16 (36.4) 

Regraft 

 
192 133 (69.3) 16 (8.3) 43 (22.4) 

Other 

 
30 23 (76.7) 4 (13.3) 3 (10.0) 

TOTAL 

 
834 395 (47.4) 141 (16.9) 298 (35.7) 

 

Table 5.2c Details of the suture technique by indication for penetrating keratoplasty eyes in 

the Auckland region for the period 2000 – 2009, (n=834 eyes) 

 

5.3 ASSOCIATED SURGICAL PROCEDURES 

Results 

In the current study, 467 accompanying procedures were performed during 238 (28.5%) of 

the total 834 penetrating graft procedures. Only one endothelial keratoplasty operation was 

accompanied by an additional procedures (phacoemulsification with intraocular lens). No 

accompanying procedures were performed during any of the deep anterior lamellar 

keratoplasty procedures. The most common additional procedures identified in the current 

study were; insertion of intraocular lens (11.5%), extracapsular cataract extraction (8.6%), 

anterior vitrectomy (5.6%), intraocular lens removal (2.8%), pupilloplasty (2.3%), and 

division of peripheral anterior synechiae (3.0%). Details of the accompanying procedures are 

provided in Table 5.3a. 

 

 

 

 

 

 

 



157 
 

ADDITIONAL PROCEDURE Number of patients Percentage 

Lens 

Insertion posterior chamber intraocular lens (IOL) 108 11.5 

- ECCE and insertion of IOL 64 6.8 
- Phacoemulsification and insertion of IOL 18 1.9 

Insertion anterior chamber intraocular lens 10 1.1 

Phacoemulsification 18 1.9 

Intracapsular cataract extraction (ICCE) 2 0.2 

Extracapsular cataract extraction (ECCE) 81 8.6 

Repositioning of IOL 5 0.5 

IOL removal 26 2.8 

Capsulotomy 4 0.4 

Removal of lens fragment 4 0.4 

Iris 

Insertion Morcher iris segments 5 0.5 

Pupilloplasty 22 2.3 

Peripheral iridotomy 9 1.0 

Release iris from wound 11 1.2 

Removal of iris tag 2 0.2 

Division of peripheral anterior synechiae 28 3.0 

Posterior synechiolysis 18 1.9 

Posterior Segment 

Core vitrectomy 2 0.2 

Anterior vitrectomy 53 5.6 

Vitreous tap 4 0.4 

Retinal detachment repair 3 0.3 

Glaucoma 

Trabeculectomy 2 0.2 

Trimming of Molteno Tube 3 0.3 

Miscellaneous 

Removal of fibrin 18 1.9 

Cautery of blood vessels 7 0.7 

Amniotic membrane graft 6 0.6 

Excision of limbal dermoid 3 0.3 

Excision of pterygium 3 0.3 

Removal of conjunctival lesion 2 0.2 

Symblepharon release 2 0.2 

Lid procedure 2 0.2 

Other* (all categories n=1) 8 0.9 
IOL=intraocular lens; Other* = (iris excision, removal of corneal calcium, removal of corneal scar, excision 

of squamous cell carcinoma, conjunctival recession, debridement of necrosis, keratoprosthesis, lid cautery) 

 

Table 5.3a Procedures accompanying corneal transplantation in the Auckland region for the 

period 2000-2009, n=941 eyes. A total of 467 accompanying procedures were performed 

during 238 of the 941 corneal transplant procedures  
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Triple Procedure: Keratoplasty Combined with Cataract Extraction and Lens Implantation 

 

INDICATION ECCE  ECCE and PCIOL  ECCE and aphakia  

Keratoconus 6 5 1 

Bullous keratopathy 0 0 0 

Corneal dystrophy 31 22 9 

Corneal ulceration 5 4 1 

HSV keratitis 7 6 1 

Trauma 10 9 1 

Regraft 18 16 2 

Other 4 2 2 

TOTAL 81 64 17 

 

Table 5.3b Details of penetrating keratoplasty procedures accompanied by extracapsular 

cataract extraction in the Auckland region for the period 2000-2009, (n=834 eyes) 

 

In the current study, 81 of the 834 penetrating keratoplasty procedures were accompanied by 

an extracapsular cataract extraction (ECCE). Of these, 64 eyes underwent concomitant 

posterior chamber intraocular lens (PCIOL) implantation (triple procedure) and 17 remained 

without a lens (aphakic). Twelve eyes were left aphakic as the patient was noted to have a 

visually significant cataract and insertion of a secondary intraocular lens was delayed until 

the refractive outcome became known.  The crystalline lens was removed at the time of 

corneal transplantation in two eyes at risk of angle closure and the insertion of the intraocular 

lens was delayed until the refractive outcome was known. Anterior segment dysgenesis (n=1) 

and complex surgery secondary to corneal perforation (n=1) were other documented reasons 

for leaving eyes aphakic. The reason for leaving the eye aphakic was unclear in one case. No 

anterior chamber intraocular lenses were implanted following ECCE. Insertion of PCIOL was 

performed concurrently with all 17 of the phacoemulsification procedures performed at the 

time of penetrating keratoplasty. Details of penetrating keratoplasty procedures accompanied 

by extracapsular cataract extraction are provided in Tables 5.3b. 

 

Insertion of Intraocular Lens 

 

Overall, 118 intraocular lenses (IOLs) were inserted, 10 of which were ACIOLs. Table 5.3c 

shows the different types of lenses inserted and a more detailed version of this table is 

provided in appendix 5.3a. 

 



159 
 

Lens Type Details of Lens 
Number of 

Cases 
 Mean Lens Power in Diopters 

PCIOL 

MA60BM 25 21.0 ± 3.5 (range: 12.0 to 16.0) 

SA60AT 14 19.5 ± 4.5 (range: 9.0 to 25.0) 

SN60AT 3 23.5 ± 0.5 (range: 23.0 to 24.0) 

MA60MA 2 1.5 ± 2.1 (range: 0 to 3.0) 

CLRFLXS 7 16.8 ± 3.7 (range: 12.0 to 21.5) 

PS59NB 15 20.4 ± 3.1 (range: 1 to 27)  

MC50BD 14 20.9 ± 3.9 (range: 12.0 to 24.5) 

MZ60BD 2 20.8 ± 1.1 (range: 20 to 21.5) 

SN60WF 1 25.0 

Scleral-sutured PCIOL CZ70BD 8 20.3 ± 4.1 (range: 14.0 to 25.5) 

IOL and Morcher 

Segments 

MA60BM and 

Morcher 
2 20.8 ± 1.1 (range: 20 to 21.5) 

Morcher GMBH 67G 
Morcher GMBH 

67G 
12 20.0 ± 2.1 (range: 17.0 to 23.0) 

Unknown Unknown 3 unknown 

PCIOL = Posterior chamber intraocular lens, IOL =  intraocular lens 

  

Table 5.3c Details of the type of lens implanted in penetrating keratoplasty eyes in the 

Auckland region for the period 2000-2009, (n=834 eyes) 

 

Intraocular lens removal 

Intraocular lens (IOL) removal in association with penetrating keratoplasty was performed in 

10 cases of bullous keratopathy (15.4%), 10 cases of regraft (5.2%), 3 cases of trauma 

(6.8%), and 3 cases of ‘other’ (10%). All 26 IOL removal procedures were performed in 

association with penetrating keratoplasty. This corresponds to 3.1% and 2.8% of all 

penetrating keratoplasty procedures and all corneal transplantation procedures, respectively. 

Repositioning of the in situ IOL was performed in 5 cases. 

 

Vitrectomy 

In the current study, anterior vitrectomy accompanied penetrating keratoplasty in 6.4% of 

cases, corresponding to 5.9% of all corneal transplantation procedures. The anterior 

vitrectomy was planned in 40 cases, however, in 8 cases the anterior vitrectomy was 

performed in response to an unexpected complication of surgery. It is unclear from the 

clinical records whether the procedure was planned or unplanned in a further 5 cases. Details 

of the procedures associated with anterior vitrectomy are provided in Table 5.3d. A core 

vitrectomy was performed in both eyes of a morbidly obese (177kg) keratoconic patient in 

order to enable surgery under local anaesthetic (by reducing positive intraocular/vitreous 

pressure). A general anaesthetic was contraindicated due to significant co-morbidities.  
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Indication Number of eyes Anterior Vitrectomy 

Bullous keratopathy 

 
65 16 (24.6%) 

Corneal dystrophy 

 
91 0 

Corneal ulceration 

 
45 2 (4.4%) 

HSV keratitis 

 
22 2 (9.1%) 

Trauma 

 
44 14 (31.8%) 

Regraft 

 
192 16 (8.3%) 

Other 

 
30 3 (10%) 

TOTAL 

 
834 53 (6.4%) 

 

Table 5.3d Details of the procedures associated with anterior vitrectomy in penetrating 

keratoplasty eyes in the Auckland region for the period 2000-2009, (n=834 eyes) 
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5.4 POSTOPERATIVE PROCEDURES 

Results 

In the current study, postoperative procedures were performed in 42.7% of penetrating 

keratoplasty eyes, 41.1% of deep anterior lamellar keratoplasty eyes, and 42.9% of 

endothelial keratoplasty eyes. 

The procedures performed in the post-keratoplasty period are categorised according to 

subspecialty area and are provided in Tables 5.4a-e. 

Post-keratoplasty  Anterior Segment Procedures Number of Eyes 

Refractive 

Relaxing incisions/Compression sutures 41 

Photorefractive keratectomy 5 

Laser in situ keratomileusis 2 

Corneal wedge resection 1 

Cataract and IOL 

Nd:YAG posterior capsulotomy 36 

Surgical capsulotomy 3 

Phacoemulsification 75 

Sulcoflex secondary ciliary sulcus IOL 2 

Secondary intraocular lens implantation 20 

IOL exchange 3 

Insertion of Morcher aniridia IOL 2 

Sutures 

Selective suture removal 144 

Suture adjustment 15 

Resuture arcuate incisions 1 

Resuturing 113 

Argon laser to sutures 3 

Other 

Rebubbling DSAEK 10 

 

Table 5.4a Post-keratoplasty anterior segment procedures in the Auckland region for the 

decade 2000-2009, (n=941 eyes) 
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Post-keratoplasty  “Other”  Procedures Number of Eyes 

Trauma repair 12 

Amniotic Membrane Graft 5 

Avastin injection 3 

Enucleation 3 

Drainage of double anterior chamber 2 

Removal of Silicone Oil 1 

Limbal stem cell transplant 1 

Reposition iris tissue 1 

AC irrigation and reversal of pupil block 1 

Drainage of iris cyst/inclusion cyst 2 

Removal of dense subepithelial fibrosis 1 

Aspiration of residual lens material 1 

Other: pterygium excision (1), conjunctival biopsy (1), caruncle biopsy 

(1), meibomian gland curettage (1) 

4 

 

Table 5.4b  Post-keratoplasty “other”  procedures in the Auckland region for the decade 

2000-2009, (n=941 eyes) 

 

 
Post-keratoplasty Vitreo-retinal Procedures (n=11) Number of Eyes 

Retinal Detachment Repair 8 

Drainage of choroidal haemorrhage 1 

Epiretinal membrane peel 2 

 

Table 5.4c Postkeratoplasty vitreo-retinal procedures in the Auckland region for the decade 

2000-2009, (n=941 eyes) 

 
Post-keratoplasty Oculoplastic  Procedures (n=20) Number of Eyes 

Lid surgery 11 

Botox ptosis/tarrsorraphy 9 

 

Table 5.4d Post-keratoplasty oculoplastic procedures in the Auckland region for the decade 

2000-2009, (n=941 eyes) 

 
Post-keratoplasty  Glaucoma Procedures (n=16) Number of Eyes 

Argon laser trabeculoplasty 1 

Cyclodestructuve procedures 5 

Glaucoma drainage device/trabeculectomy 10 

 

Table 5.4e Post-keratoplasty glaucoma procedures in the Auckland region for the decade 

2000-2009, (n=941 eyes) 
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Resuturing 

Resuturing of the graft host junction was performed in 113 eyes (101 penetrating keratoplasty 

eyes and 11 deep anterior lamellar keratoplasty eyes). The most common indication for was 

resuturing was wound dehiscence (25 eyes), followed by loose suture(s) (19 eyes), and 

wound dehiscence following  removal of sutures (18 eyes). Details of the eyes that required 

resuturing in the postkeratoplasty period are provided in Table 5.4f. 

Indication TOTAL PKP DALK Tectonic 

Graft 

Wound dehiscence 25 23 2 1 

Loose suture or broken sutures 24 19 5 0 

Wound dehiscence post removal of sutures 19 19 0 0 

Traumatic graft rupture 15 15 0 0 

Severe astigmatism or graft junction malposition 26 22 4 0 

Other cases: wound dehiscence with scleral necrosis (1), 

leak post-cataract surgery (1), and unknown (1) 
3 3 0 0 

TOTAL 113 101 11 1 

PKP = penetrating keratoplasty; DALK =  deep anterior lamellar keratoplasty 

 

Table 5.4f Details of the 113 eyes undergoing resuturing in the post-keratoplasty period in 

the Auckland region for the decade 2000-2009, (n=941 eyes) 

Phacoemulsification and Insertion of Intraocular Lens 

Seventy-five (9.0%) eyes underwent phacoemulsification of the crystalline lens following 

keratoplasty (67 penetrating keratoplasty eyes and 8 deep anterior lamellar keratoplasty eyes). 

Among penetrating keratoplasty eyes, 43 received a toric IOL, 21 received a spherical IOL, 2 

received a sulcus spherical IOL, and 1 remained aphakic. Four toric IOLs and four spherical 

IOLs were inserted in the deep anterior lamellar keratoplasty group.  

 

The mean interval between keratoplasty and cataract extraction was 33.96 ± 23.29 months 

(range: 1 month to 108 months). Details of the eyes that underwent post-keratoplasty cataract 

extraction with insertion of a spherical or toric lens are provided in Appendix 5.4a and 5.4b. 

 

Secondary Intraocular Lens Insertion 

 

A secondary IOL was inserted following keratoplasty in 20 eyes. Secondary IOLs were 

exclusively inserted into eyes with penetrating keratoplasty. The interval from keratoplasty to 

insertion of secondary IOL ranged from 1 month to 102 months. Details of the eyes which 
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received a secondary intraocular lens implant following keratoplasty are provided in 

Appendix 5.4c. 

 

Refractive procedures 

 

Postoperative selective removal of sutures for astigmatism was performed in 144 keratoplasty 

eyes; 134 penetrating keratoplasty eyes and 10 deep anterior lamellar keratoplasty eyes. The 

mean interval from keratoplasty to selective removal of sutures was 5.54 ± 3.80 months 

(range: 1 month to 27 months). Sixty-nine eyes had 1 suture removed, 56 eyes had 2 sutures 

removed, 7 eyes had 3 sutures removed, and 12 eyes had 4 sutures removed. Of these 144 

eyes, 33 eyes underwent a second selective removal of suture procedure at a subsequent date, 

and 7 additional eyes underwent a total of 3 selective removal of suture procedures. 

Insufficient data were available to determine the refractive effect of selective suture removal. 

 

Incisional techniques were performed to reduce residual corneal astigmatism in 41 

keratoplasty eyes (39 penetrating keratoplasty eyes and 2 deep anterior lamellar keratoplasty 

eyes). A combination of relaxing incisions and compression sutures was performed in 27 

eyes, with compression sutures alone and relaxing incisions alone being performed in 4 and 

10 eyes, respectively. Details of the incisional techniques performed in post-keratoplasty eyes 

are provided in Appendix 5.4d. 

 

Capsulotomy 

 

In the current study, 36 eyes underwent Nd:YAG posterior capsulotomy and 3 eyes 

underwent surgical capsulotomy in the post-keratoplasty period. Nd:YAG capsulotomy was 

performed in one endothelial keratoplasty eye, and surgical capsulotomy was performed in 

one deep anterior lamellar keratoplasty eye. Of the eyes that underwent Nd:YAG capsultomy, 

the most common original indication was corneal dystrophy (13 eyes), followed by regraft 

(11 eyes), corneal ulceration (4 eyes), trauma (3 eyes), other (2 eyes), keratoconus (2 eyes), 

and bullous keratopathy (1 eye). The interval from keratoplasty to Nd:YAG capsulotomy 

ranged from 2 months to 103 months (mean 35.3 months). 
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5.5 DISCUSSION 

 

5.5a Type of Graft 

 

The field of corneal transplantation has gone through a rapid period of evolution in the past 

15 years.  Full thickness replacement of corneal host with a full thickness donor button has 

long been the standard procedure for treating corneal opacification.264 In recent years, there 

has been a global renaissance of lamellar keratoplasty techniques, with a corresponding 

decline in the percentage of donor corneas used for full thickness grafts.265,360 Indeed, in the 

current study, deep anterior lamellar keratoplasty (DALK) and Descemet’s stripping 

endothelial keratoplasty (DSEK) together accounted for more than one-third (36.0%) of all 

transplants in the final year of the study period, representing a dramatic increase from a only 

3.8% in the first year. 

 

The total number of corneal transplantation procedures performed in New Zealand is 

increasing with the number of transplants performed between 2000 and 2009 almost double 

that reported from the previous decade. The total number of patients undergoing penetrating 

keratoplasty increased from 53 to 73 per annum during the study period; however, conversely 

the proportion of donor corneas used for full thickness grafts decreased from 96.4 % to 64% 

over the course of the decade. These data corroborate the international literature in 

demonstrating the declining predominance of penetrating keratoplasty relative to lamellar 

techniques.  According to the Eye Bank Association of America,480 the portion of donor 

corneas from United States Eye Banks used for penetrating keratoplasty decreased from 

87.1% (n=42,063, PKPs) in 2005 to 53.5% (n=36,144, PKPs) in 2011. In the United 

Kingdom, the proportion of penetrating keratoplasty procedures has also declined 

dramatically, from 91% (n =1,901, PKPs) in 1999/2000 to 60% (n=1,473, PKPs) in 

2008/2009.356  

 

The proportion of ALK/DALKs performed in the Auckland region increased more than four-

fold from 3.6% (n=2) of all corneal transplants in 2000, to 15.8% (n=18) in 2009. Similar 

trends in the proportion of anterior lamellar keratoplasty procedures have been described in 

the international literature. National rates of anterior lamellar keratoplasty in the United 

Kingdom increased dramatically during the late 1990s to a peak in the early 2000s.360 

However, an anomalous decline in this trend was observed in the annual number of DALK 



166 
 

operations in the UK from 2006/2007 to 2007/2008, but this trend reversed in 2008/2009. It 

has been hypothesised that corneal surgeons may have temporarily altered their practice 

following the publication of studies comparing visual outcomes of penetrating keratoplasty 

and deep anterior lamellar keratoplasty.360 Interestingly, deep anterior lamellar keratoplasty 

has been slow to catch on in the United States481. From 2005 to 2009 the number of DALKs 

performed in the United States remained flat, at 1% to 2% of all corneal grafts and 4% to 6% 

of grafts performed for keratoconus.482 Moreover, the tissue used for DALK decreased in 

2009 showing a 28% decline from 2008.482 The technical difficulties associated with DALK 

coupled with the absence of absolute proof for either a refractive or survival advantage over 

PKP, may account for this trend.267,481,483  

 

Furthermore, deep anterior lamellar keratoplasty is ideally suited for purely corneal stroma 

disease. New Zealand has a high national rate of corneal transplantation for keratoconus and 

the condition is suspected to be more aggressive in our populations particularly amongst 

Maori and Pasifika peoples. The advanced nature of the disease in our population may 

necessitate penetrating keraotplasty over lamellar keratoplasty techniques in many patients.  

Reflecting trends in the international literature, in the current study keratoconus (60.3%) was 

identified as the leading indication for DALK. According to the EEBA, keratoconus was the 

leading indication for DALK in 2008 (461, 37%) and 2009 (330, 38.7%) and was the second 

leading cause for DALK in 2007 (197, 27.6%) behind anterior corneal stromal scarring/ 

opacification.482 Anterior stromal scarring was the second most common indication in 2009 

(272, 31.9%), followed by corneal degeneration (91, 10.7%), ulcerative keratitis or 

perforation (68, 8%), and ocular trauma (42, 4.9%).482 Within the Australian Corneal Graft 

Registry, keratoconus and keratoglobus were the leading indications for DALK (427, 

75%).484 

 

In the current study, endothelial keratoplasty was not introduced into New Zealand until the 

last two years of the study period. Following the first endothelial keratoplasty procedure in 

2008, the technique rapidly gained traction and by 2009 represented 20.2% of all corneal 

transplantation procedures. The importance of endothelial keratoplasty continues to expand, 

and recent (unpublished) data from the New Zealand National Eye Bank suggests that 

endothelial keratoplasty represented approximately one-third of all corneal transplantation 

procedures in the 2012-2013 period. 
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In recent years, the widespread international adoption of DSEK/DSAEK has dramatically 

increased the percentage of donor corneas used for endothelial keratoplasty. The corollary 

has been a corresponding reduction in the percentage being used for penetrating keratoplasty.  

In the United Kingdom, the National Health Service Blood and Transplant Ocular Tissue 

Advisory group reported that the annual number of penetrating keratoplasty decreased from 

1,901 (1999-2000) to 1,472 (2008 -2009), while endothelial keratoplasty operations increased 

from 2 to 569 per year over the same period.360 In 2008-2009, endothelial keratoplasty was 

performed more commonly than penetrating keratoplasty for eyes with endothelial failure. 

Similarly the Eye Bank Association of America480 reported that the number of endothelial 

keratoplasty procedures performed in the United States rose exponentially from 1,429 in 

2005 to 23,287 in 2011.  

 

Endothelial keratoplasty may be performed in most cases of endothelial dysfunction in the 

context of relatively normal corneal stroma and anterior chamber architecture. In the current 

study, the leading indication for endothelial keratoplasty was endothelial corneal dystrophy 

(53.7%), followed by bullous keratopathy (25%). The EBBA statistical report identified 

Fuchs dystrophy as the leading indication for endothelial keratoplasty in 2008 (50%), 2009 

(49.2%), 2010 (42.3%), and 2011 (47.7%, 11,101 cases).480 Post-cataract surgery oedema 

was second (19.2%) in 2011 but had been third in 2009 (20.5%). The third leading cause of 

endothelial keratoplasty in 2011 was the category “other causes of opacification, distortion or 

edema” (12.3%). According to the Australian Corneal Graft Registry, corneal dystrophy 

(47%) was also the leading cause for endothelial keratoplasty, followed by bullous 

keratopathy (33%) and failed previous graft (4%).484 

  



168 
 

5.5b Surgical Technique 

Since the first successful corneal graft in 1905, there have been numerous developments in 

the areas of trephination, suturing, and adjunctive aids such as viscoelastics.485 However, at a 

basic level, in contemporary penetrating keratoplasty a circular trephine is used to cut a full 

thickness circular disc of host cornea, a second trephine is employed to remove a similar 

sized portion of abnormal host cornea and the donor tissue is secured to the peripheral host 

cornea with sutures. A number of variations exist for penetrating keratoplasty.486 

Trephination 

Contemporary trephination techniques are based on a number of studies that have defined the 

basic features of trephination outcomes.485 Subtle variations in technique can alter the size 

and shape of the excised tissue.487 Olson demonstrated that endothelial surface trephination 

yielded a smaller donor button compared with trephination from the epithelial side.488 

Endothelial diameter was also found to be slightly larger, and the author surmised that this 

may be secondary to the resistance of Descemet’s membrane. Similarly, sharper trephines 

produced smaller corneal button diameters due to easier penetration of the tissues. The work 

by Damiano et al demonstrated that posterior donor trephination produces accurately cut 

outward-sloping edges, whereas anterior trephination causes inward sloping of the corneal 

edges.487 There was also less damage to peripheral Descemet’s membrane and endothelium 

with the posterior approach. Van Rij et al highlighted  that when a recipient cornea is 

trephined anteriorly, the button diameter increases with increased intraocular pressure, 

increased height of the obturator stop, and decreased blade sharpness.489 Recipient corneal 

buttons are usually larger than trephine diameters, presumably because the corneal tissue 

protrudes into the trephine during cutting.489  

 

Typically, the recipient button is trephined from the anterior surface, and conversely the 

donor button is trephined from the posterior surface.485 Consequently, use of same-size 

trephines for cutting the host and donor cornea results in a donor button that is smaller than 

the recipient bed.490  However, when the host cornea is trephined from the epithelial surface 

and the donor from the endothelial surface, oversizing the donor by 0.25mm effectively 

means that the donor diameter and host bed diameter are approximately equal sized. 
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Considering the preceding factors, size disparity between the recipient and donor button is an 

important consideration in surgical success. The recipient host bed and donor button may be 

evenly sized, or the donor button may be either oversized or undersized relative to the host 

bed. In the current study, the majority of eyes received an oversized donor transplant 

(84.5%). In the oversize donor trephine groups, the donor trephine was oversized by 0.25mm 

in 659 eyes, by 0.5mm in 39 eyes, and by ≥0.75mm in 7 eyes. Oversizing, in addition to 

effectively producing a similar diameter donor button and host aperture, may have a 

beneficial effect on intraocular pressure - especially in cases of aphakia.491,492 In a study by 

Zimmerman et al, aphakic eyes receiving a donor transplant 0.5mm larger than the recipient 

bed had significantly lower postoperative intraocular pressure than those eyes receiving 

donor buttons equal in size to the recipient bed.491 

 

The use of oversize donor trephines has been reported to produce an increase in corneal 

curvature and consequently more myopic postoperative refractive outcomes than when same-

size donor trephines are used.493-496 However, a recent study of keratoconic patients by 

Jaycock et al concluded that the use of same-size donor and recipient trephines did not reduce 

myopia and was associated with a higher incidence of postoperative wound leaks.490 

Another important consideration involves the size of the donor button.486 Within the 

Australian Corneal Graft Registry, grafts sized between 7.5mm and 8.5mm fared better than 

smaller or larger grafts.115 Studies suggest that both small graft size (≤ 7.25mm) and large 

graft size (≥ 8.5mm) are independent risk factors for decreased penetrating keratoplasty 

survival.192,497 Indeed, Epstein et al identified donor size (≥8.25) as the most important risk 

factor for corneal graft rejection, with a six fold increased risk.498 Moreover, a study 

investigating the characteristics influencing treatment outcomes of allograft rejection 

identified larger donor size (>9mm) as independently associated with treatment failure.499 

The most common trephination pattern used in the current study involved a 0.25mm 

oversized (8.25mm) donor trephine into an 8.00mm host trephination. 

 

Sutures  

 

A variety of suturing materials and suturing techniques are available. Worldwide, nylon 

remains the most frequently used suture material, although polyester and polypropylene 

suture materials are also employed.485  The suture form may be interrupted, interrupted 
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combined with continuous (mixed), continuous, or double continuous (Figure 5.5a). The use 

of interrupted sutures allows the option of selective suture removal to reduce postoperative 

astigmatism.485 Currently, there is no evidence from randomised trials that suturing technique 

has a permanent influence on final corneal astigmatism after suture removal.486 In the current 

study, the most common suture form was interrupted (47.3%), followed by combined/mixed 

(35.7%) and continuous (16.9%). 

 

  

Figure 5.5a Slit lamp images demonstrating two different suture patterns: interrupted 10/0 

nylon (right) and mixed; interrupted 10/0 and continuous 11/0 nylon (left), (images courtesy 

of CNJ McGhee) 

 

5.5c Associated Procedures 

Corneal transplantation procedures may be performed in isolation or in combination with a 

variety of other surgical procedures. These procedures may be planned in advance of the 

surgery, or may be performed in response to intraoperative events or observations.  

 

In the current study, 467 accompanying procedures were performed during 238 (28.5%) of 

the total 834 penetrating graft procedures. In the Australian Corneal Graft Registry (ACGR), 

8,728 accompanying procedures were carried out during 6,828 penetrating graft procedures 

(34% of the cohort).194 The Corneal Transplant Epidemiologic Study (CORTES) reported 

793 (18.0%) and 32 (6.4%) accompanying procedures in the penetrating keratoplasty group 

(n=4,415) and lamellar keratoplasty group (n=489), respectively.369 Of the 1,101 corneal 

transplant procedures examined in the Cornea Donor Study, 605 (55.0 %) underwent 

concomitant surgery at the time of keratoplasty.500 
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Triple Procedure: Keratoplasty Combined with Cataract Extraction and Lens Implantation 

 

 

 

Figure 5.5b Slit lamp photograph of an eye with a dense white cataract and endothelial 

decompensation (right). Diffuse slit lamp illumination of a similar eye 18 months after a 

triple procedure cataract and combined penetrating keratoplasty 

 

Concurrent, visually significant corneal and lenticular opacification poses a management 

dilemma (Figure 5.5b). Surgical correction of either single cause of media opacity alone is 

generally insufficient to achieve complete visual rehabilitation and in this setting, corneal 

transplantation and cataract surgery may be performed either simultaneously or 

sequentially.501 The former involves simultaneous penetrating keratoplasty, extra-capsular 

cataract extraction and intraocular lens insertion (triple procedure), whereas the latter is a 2-

stage technique in which penetrating keratoplasty is followed by cataract surgery at a later 

date.502 Although the comparative merits of simultaneous and sequential surgery have often 

been debated503, a recent large retrospective study did not identify any differences in graft 

survival, visual or refractive outcomes between triple procedure, and sequential surgery 

techniques.449  

 

The major advantage of sequential surgery is the potential for improved biometry. However, 

sequential surgery involves two separate operations and is associated with donor endothelial 

stress and delayed visual rehabilitation. Moreover, the combination of surgical trauma, 

postoperative inflammation and topical steroids may accelerate cataract formation.504 The 

triple procedure obviates the need for a second surgical procedure thereby avoiding the risk 

of surgical damage to the transplanted cornea. Nonetheless the triple procedure has several 

limitations. A major disadvantage is the reduced predictability of the postoperative refractive 
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outcome.505 In contrast to cataract surgery where axial length and corneal power remain fairly 

constant preoperatively and postoperatively, penetrating keratoplasty produces marked 

changes in corneal curvature and power.270 Currently there is no precise and reliable method 

to predict the intraocular lens power that would produce the intended postoperative target 

refraction after a triple procedure.504 

 

Moreover, the modern surgical technique of phacoemulsification is problematic during the 

triple procedure if the cornea is too opaque for phacoemulsification with the host cornea in 

situ and the cornea has to be removed i.e. rendering this an “open sky” procedure. During 

conventional cataract surgery with phacoemulsification, control of vitreous pressure may be 

achieved under the pressure obtained from the height of the irrigation bottle.  However, in 

open-sky operations no pressure is available to control this inexpedient vitreous pressure.506 

Positive vitreous pressure may menace the integrity of the posterior capsular and hinders the 

aspiration of cortex and in-the-bag implantation.506  

 

The ‘new triple procedure’ refers to endothelial keratoplasty and concurrent cataract surgery. 

This procedure presents an alternative to the traditional triple procedure in eyes with 

endothelial disease in the presence of a cataract. The refractive changes following endothelial 

keratoplasty are more predictable, and therefore allow greater confidence in selecting an IOL 

power that will be more accurate in achieving refractive targets compared with IOL choices 

made before penetrating keratoplasty triple procedures.507 However, IOL power selection 

should take into account the expected hyperopic shifts that are often induced by DSAEK 

surgery.507  

 

The percentage of corneal transplantation procedures undergoing the ‘triple procedure’ varies 

by treatment centre. For instance, treatment centres with high proportions of cases being 

performed for aphakic and pseudophakic bullous keratopathy will naturally perform 

relatively fewer triple procedures. In the Australian Corneal Graft Registry (1985-2011), 

2,041 triple procedures were carried out corresponding to 10% of all the penetrating grafts in 

the database.194 Lois et al reported that a triple procedure was performed in 412 cases of the 

1,264 phakic eyes (32.6%) undergoing penetrating keratoplasty at the Wills Eye Hospital 

between 1989 and 1995.410 In the CORTES study, triple procedures and phacoemulsification 

were performed in 222 (5.6%) and 103 (2.6%) cases of penetrating keratoplasty, respectively. 

A study from the Corneoplastic Unit and Eye Bank in the United Kingdom reported that 
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penetrating keratoplasty was accompanied by triple procedure in 148 (18.9%) cases.354 In the 

current study, extracapsular cataract extraction accompanied 9.7% of penetrating keratoplasty 

procedures. Of these, 64 (79%) eyes underwent concomitant posterior chamber intraocular 

lens (PCIOL) implantation (triple procedure) and 17 (21%) remained without a lens 

(aphakic). 

 

Intraocular Lens Removal 

 

The primary aim of intraocular lens (IOL) explantation at the time of corneal transplantation 

is typically to reduce the incidence of lens associated corneal oedema and eventual graft 

failure.165 Other considerations include optical power, lens instability, and inflammatory 

complications such as chronic cystoid macular oedema and the uveitis-glaucoma-hyphaema 

(UGH) syndrome.451 Following explantation of the IOL, another IOL may be placed in the 

eye (lens exchange) or the eye may remain aphakic. 

 

The impetus to remove an intraocular lens varies according to the type of lens. Complications 

associated with early types of intraocular lenses such as iris fixated and early trans-pupilllary 

capsule fixated lens implants are well established, and include chronic cystoid macula 

oedema and dislocation.110 When present, virtually all of these lenses are removed at the time 

of corneal transplantation, although not many of these lenses remain in the population as time 

elapses from the vogue for their insertion.110 Anterior chamber intraocular lenses (ACIOL) 

(Figure 5.5c) have been associated with a number of complications including corneal 

endothelial decompensation, secondary glaucoma and cystoid macula oedema.508 The closed-

loop variety of ACIOL is associated with a higher incidence of complication than other types 

of ACIOL, and there is near-universal agreement that they should be removed at the time of 

keratoplasty.165 It has been suggested that most other anterior chamber lens implants should 

also probably be removed,509 however, lenses with the appropriate power and no associated 

problems could be considered for retention.110  

 

Few posterior chamber IOLs need to be removed, and optic power considerations are the 

most common reason for removing posterior chamber lenses at the time of corneal 

transplantation.110 Manipulation of a dislocated or unstable lens to secure it properly may be 

performed during corneal transplantation, thereby obviating the need for lens removal.110 
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Figure 5.5c Slit lamp photograph of an eye with pseudophakic bullous keratopathy 

secondary to a poorly located anterior chamber intraocular lens (Courtesy CNJ McGhee) 

 

The number of corneal transplants associated with IOL removal (2.8%) was relatively low in 

the current study compared with other published reports. The Cornea Donor Study reported 

that 14% (149) of penetrating keratoplasty procedures were associated with IOL removal and 

replacement, with an additional 0.4% (4) associated with IOL removal without 

replacement.500 In the ACGR, 7% (1,455) of procedures involved IOL exchange and a further 

1.5% underwent IOL explanation without lens replacement.194 Repositioning of the existing 

IOL was performed in 0.5% (108) of cases. Cosar et al reported that the IOL was exchanged 

at the time of penetrating keratoplasty in 127 cases (30.5%) of all eyes with pseudophakic 

corneal oedema; in 2 cases (0.5%) the IOL was removed and in 6 cases (1.5%) the IOL was 

repositioned.355 

 

Insertion of Intraocular Lens 

 

Intraocular lens insertion may accompany corneal transplantation in a number of scenarios 

including the triple procedure and intraocular lens exchange. In addition, an intraocular lens 

may be inserted into a previously aphakic eye. The alternative in all of these scenarios is to 

defer lens implantation to a later date i.e. sequential surgery. Compared with sequential 

surgery, intraocular lens implantation at the time of corneal transplantation offers the 

advantage of faster visual rehabilitation without compromising graft survival.510 The major 

disadvantage is the reduced predictability of the postoperative refractive outcome due to the 
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difficulty in intraocular lens power selection.505 As previously mentioned, there is currently 

no precise and reliable method to predict the intraocular lens power that would produce the 

intended postoperative target refraction following corneal transplantation.504 

 

The selection of lens type and fixation site is influenced by anatomic factors, surgeon 

preference, and lens availability. In the presence of an intact capsule, a posterior chamber 

intraocular lens inserted into the capsular bag or sulcus is the treatment of choice.508 

Inadequate capsular support may result from complicated cataract surgery or after intraocular 

lens removal. Three main lens types are available for intraocular lens implantation in the 

absence of adequate capsular support; angle-supported anterior chamber intraocular lenses 

(ACIOLs), iris-clip/iris sutured intraocular lenses (AC/PC IOLs), and scleral-sutured 

posterior chamber intraocular lenses (PCIOLs). A report by the American Academy of 

Ophthalmology concluded that there was no statistically significant difference in visual 

acuity outcome after penetrating keratoplasty in eyes receiving contemporary open-loop AC 

IOLs compared with either scleral- or iris-sutured PCIOLs.508 However, the incidence of 

glaucoma escalation was much higher after penetrating keratoplasty for all three lens types 

with rates ranging up to 45% for open-loop ACIOLs, up to 43% for scleral-sutured PCIOLs, 

and up to 62% for iris-sutured PCIOLs.508 In the current thesis, 118 IOLs were inserted, only 

10 of which were ACIOLs. 

 

Vitrectomy 

 

Intraoperative elevations in vitreous pressure pose a significant threat to the performance and 

outcome of penetrating keratoplasty, and may be treated with vitreous aspiration through the 

pupil or pars plana. Concurrent anterior vitrectomy has been associated with an increased risk 

of graft failure.359,369,414,479 A number of factors may account for the increased risk of failure 

including; the increased vitreous pressure itself, the predisposing factors that led to the 

increased vitreous pressure, the procedure of anterior vitrectomy, or a combination of all 

three. It is important to note that pars plana vitrectomy is a relatively invasive procedure and 

may result in prolonged inflammation. Such postoperative inflammation may negatively 

impact on the corneal graft.511 Moreover, mechanical vitrectomy techniques using automated 

cutting devices have been associated with an increased incidence of retinal detachment, 

retinal oedema and glaucoma.475  

 



176 
 

In the current study, anterior vitrectomy accompanied penetrating keratoplasty in 6.4% of 

cases, corresponding to 5.9% of all corneal transplantation procedures. The proportion of 

concomitant anterior vitrectomy procedures reported in the literature varies from 9% to 52%. 

In the ACGRS, 1,812 (9%) of penetrating keratoplasty procedures were performed with 

anterior vitrectomy.194 The Corneal Donor Study reported rates of 15%.475,500, whereas, Lois 

et al reported that anterior vitrectomy in 607 of the 2,442 penetrating keratoplasties 

performed (24.9%).410 Finally, of all eyes that underwent penetrating keratoplasty in the 

Cornea Graft Outcome study, over half (52%) had an anterior vitrectomy.187 

 

Peripheral Anterior Synechiolysis 

 

Peripheral anterior synechiae (PAS) are permanent adhesions between the iris and the corneo-

scleral coat of the eye that can occur anywhere along the latter (Figure 5.5d). In the Corneal 

Graft Outcome study, the presence of PAS was found to be a significant risk factor for graft 

failure.187 Extensive PAS may also block aqueous outflow resulting in elevations in 

intraocular pressure. Peripheral anterior synechiolysis refers to the process of separating these 

adhesions. In the current thesis, peripheral anterior synechiolysis was performed in 28 cases 

(3%) of corneal transplantation. 

 

 

Figure 5.5d Slit lamp gonioscopy photography demonstrating peripheral anterior synechiae 

in a case of penetrating keratoplasty, (Courtesy of Prof CNJ McGhee) 

 

Pupilloplasty 

Iris abnormalities secondary to previous intraocular trauma or surgery may be present in eyes 

undergoing corneal transplantation. Irregularities in pupil size, eccentricity or distortion 
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impact on postoperative visual acuity, and dilated, floppy or distorted pupils may increase the 

risk of postoperative synechiae thereby increasing the risk of allograft rejection.512  Iris 

surgery to reconstruct the pupil (pupilloplasty) may be combined with penetrating 

keratoplasty in suitable patients. 

 

Pupilloplasty was combined with 22 (2.6%) cases of penetrating keratoplasty in the current 

study. This is similar to the 2.3% reported by the Cornea Donor Study.500 In the ACGR, 0.5% 

(107) of penetrating keratoplasty procedures were accompanied by pupilloplasty.194 

 

Post-operative surgical procedures 

 

Further surgical intervention may frequently be required following corneal transplantation. 

The indication for postoperative procedures may relate to the original corneal transplantation 

itself or may arise from independent factors. In the current study, postoperative procedures 

were performed in 42.7% of penetrating keratoplasty eyes, 41.1% of deep anterior lamellar 

keratoplasty eyes, and 42.9% of endothelial keratoplasty eyes. The Australian Corneal Graft 

Registry, also reported a relatively common frequency of surgical intervention, with over 

33% of grafted eyes undergoing some form of operative procedure following corneal 

transplantation.484 

 

Phacoemulsification and Insertion of Intraocular Lens 

The incidence of cataract formation and cataract extraction subsequent to penetrating 

keratoplasty ranges from 1% to 60% in various studies.513-519 In the current study, 8.0% of 

eyes underwent phacoemulsification of the crystalline lens following penetrating 

keratoplasty. Of these, 43 eyes received a toric IOL, 21 eyes received a spherical IOL, 2 eyes 

received a sulcus spherical IOL, and 1 eye remained aphakic. Within the ACGR, 11% of eyes 

underwent post-graft cataract extraction and IOL implant, and less than 1% underwent 

cataract extraction without IOL implant.194  

A number of factors may contribute to cataractogenesis including age, gender, surgical 

manipulation, postoperative corticosteroid therapy and underlying pathology.518 Moreover, a 

number of patients with corneal pathology requiring penetrating keratoplasty may also have 

pre-existing visually significant lens opacity.449 In this setting, corneal transplantation and 

cataract surgery may be performed either simultaneously or sequentially. 
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Endothelial cell loss is a major concern when considering cataract extraction after penetrating 

keratoplasty. In healthy, surgically naïve eyes, endothelial cell density declines at a rate of 

about 0.6% per year.42 After cataract surgery, the rate increases to 2.5% per year in the 

decade following the procedure.520 Accelerated endothelial cell loss occurs after penetrating 

keratoplasty due to surgical trauma, endothelial cell redistribution or allograft rejection.196 

Studies suggest that the annual rate of endothelial cell loss following penetrating keratoplasty 

is 7.8% per year from 3 to 5 years, and 4.2% per year from 5 to 10 years.197,521 

Phacoemulsification in eyes with previous corneal transplantation is associated with higher 

endothelial cell loss than in normal corneas.522,523 Kim et al demonstrated an endothelial cell 

loss rate of 19% in eyes with previous penetrating keratoplasty compared with 7.9% in eyes 

with normal healthy corneas one month after cataract surgery.522 Two years following 

cataract surgery, the endothelial cell loss rate was 58.1% and 14.98%, respectively. Similarly, 

Acar et al reported a 43.99% total rate of endothelial cell loss in eyes with previous 

penetrating keratoplasty, compared with 12.29% in eyes with no previous surgery at the end 

of 12 months following cataract surgery.523  

 

Figure 5.5e Slit lamp photograph of an eye with a full thickness corneal graft showing retro-

illumination of a toric intraocular lens and capsulorhexis at one day post-surgery. (Courtesy 

of Prof CNJ McGhee) 

 

In eyes with residual astigmatism following keratoplasty, cataract extraction with 

implantation of a toric intraocular lens may be performed (Figure 5.5e). A study by Viestenz 

demonstrated that the refractive cylinder could be significantly reduced from 7.0 ±2.6D to 
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1.63 ± 1.5D after surgery.524 The authors recommended that regular and symmetric corneal 

topography is vital for successful toric intraocular lens implantation.525 

 

Refractive Procedures  

 

Even after successful full thickness corneal transplantation, visual acuity may be limited by 

ametropia and astigmatism. Mean postkeratoplasty astigmatism of 2 diopters (D) to 8D have 

been reported,526-528 with mean spherical equivalents of -2 to 12D.529-531  A number of studies 

indicate that 15% to 31% of patients may develop postoperative astigmatism greater than 5 

D.486,532-535  

 

 A variety of treatment modalities are available to optimise vision in patients with refractive 

error following corneal transplant. Conservative options include spectacle correction and 

contact lenses, however, high degrees of refractive error and contact lens intolerance may 

render these techniques unfeasible. Indeed, studies suggest that ultimately visual acuity 

cannot be fully corrected by spectacles or contact lenses in 10 to 20% of penetrating 

keratoplasty cases.536,537 Other techniques to reduce post-keratoplasty astigmatism include; 

postoperative suture manipulation, incisional techniques, laser refractive surgery, wedge 

resection, intraocular lenses, and ultimately regrafting. According to the ACGR, 12% of eyes 

underwent refractive surgery following keratoplasty.194 

 

Post-operative Suture Manipulation 

 

While the corneal graft sutures remain in place, corneal astigmatism may be reduced by 

selective removal of sutures or suture tension adjustment (Figure 5.5f). Use of interrupted or 

combined continuous and interrupted sutures allows for the selective removal of interrupted 

sutures, with the aim of reducing astigmatism.538  

 

Successful reduction of astigmatism by selective suture removal/adjustment depends on 

accurate identification of the steep corneal semi-meridians and the (overly) tight suture that 

may be causing this steepening.539 In this setting, subjective refraction and keratometry are of 

limited value as they identify one steep and one flat corneal meridian, which may be 

misleading in patients in whom irregular astigmatism is common.539 Corneal topography  
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Figure 5.5f Sequential Orbscan II computerised corneal topography images of a patient with 

full thickness corneal graft before (above) and after (below) selective suture removal; note 

that the magnitude of astigmatism reduced from 10.1 D to 4.2D following removal of four 

sutures with a concomitant improvement in BCVA from 6/18 to 6/9. 

 

provides detailed corneal power maps, thereby allowing identification of steep semi-

meridians that can be attributed to a specific suture.539 Agreement between refraction, 
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keratometry, and topography is associated with greater change in vector corrected 

astigmatism following suture removal, and is an indicator of good prognosis.540  

 

It is important to note that early removal of adjacent sutures may result in slippage and the 

formation of a step in the graft host junction. In the current study, 144 keratoplasty eyes 

underwent postoperative selective removal of sutures. The mean interval from keratoplasty to 

selective removal of sutures was 5.54 ±3.80 months (range: 1 month to 27 months). 

 

Incisional Techniques 

 

Multiple incisional techniques are available to reduce high (>4.0D) residual corneal 

astigmatism following suture removal.538 These include arcuate keratotomies (relaxing 

incisions) (Figure 5.5g), augmentation or compression sutures and corneal wedge resection, 

or a combination of these techniques. These methods are capable of correcting high degrees 

of astigmatism, but are limited by modest predictability of the final outcome.529 Furthermore, 

they are limited in effecting any correction of the spherical component.529 

 

 

 

Figure 5.5g Slit lamp photograph of a cornea with compression sutures and arcuate 

keratotomies, the arrows indicate one of the corneal incisions. Fluorescein and cobalt blue 

light illumination is used to highlight incision. (Courtesy of Prof CNJ McGhee) 

 

In the current study, incisional techniques were performed to reduce residual corneal 

astigmatism in 41 (4.9%) eyes. A combination of relaxing incisions and compression sutures 
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was performed in 27 (3.2%) eyes, with compression sutures alone and relaxing incisions 

alone being performed in 4 (4.7%) and 10 (1.2%) eyes, respectively. 

 

Intraocular Lenses 

 

Intraocular lens implantation (IOL) may be performed to correct both the spherical and 

astigmatic components of refractive error following keratoplasty. A variety of options are 

available depending on the lens status of the eye. Options include cataract extraction and IOL 

implantation, phakic intraocular lenses (pIOLs), clear lens exchange, and piggyback IOLs.  

 

In the absence of lenticular opacities, the eye may undergo either clear lens exchange of 

phakic intraocular lens implantation. Clear lens exchange involves removal of a healthy 

crystalline lens for purely refractive reasons. In studies of normal corneas, the refractive 

outcomes of clear lens exchange are encouraging but must be balanced against the potential 

risks, particularly the risk of retinal detachment.541,542  

 

Phakic IOL (pIOL) implantation has been shown to be effective in the correction of myopia 

and myopic astigmatism.543 Comparative studies suggest that pIOLs may provide better best 

spectacle corrected visual acuity (BSCVA) and refractive predictability and stability 

compared with laser-refractive surgery.543 A study examining the efficacy of Artisan toric 

iris-fixated lens implantation after penetrating keratoplasty, reported that the refractive 

cylinder was reduced from -7.06 ± 2.01D (range -3.0 to -11) to -1.69 ± 1.15D at one year 

with a mean reduction in spherical equivalent from -3.19 ±4.21D to -1.03 ± 1.20D at last 

follow up.544 Complications associated with iris-fixated posterior chamber pIOLs include 

increased risk of pigment dispersion, pigmentary glaucoma and increased risk of cataract 

formation.529  

 

Piggyback intraocular lenses are available for pseudophakic eyes with high refractive errors 

not amenable to spectacle or contact lens correction (Figure 5.5h). Piggyback IOLs are 

considered a safer option than IOL exchange because of the risk of capsular tears and 

vitreous loss associated with the latter.529 In a study by Paul et al, the mean spherical 

equivalent improved from -8.08 D (range -6.13 to -12.00 D) to -0.94 D (range -2.38 to 

+0.25D) following implantation of a piggyback intraocular lens to correct myopic 

pseudophakic refractive error.545 Meyer et al reported 70% of pseudophakic post-keratoplasty 
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eyes achieving uncorrected distance visual acuity of  ≥ 20/40 after implantation of a 

“piggyback IOL” to correct refractive errors.546  

 

Some of the reported complications of secondary supplementary IOLs include pigmentary 

glaucoma, pupillary block, inter-lenticular opacification and pre-Descemet’s membrane 

haemorrhage.529 In the current study, a sulcoflex intraocular lens was implanted in 2 eyes 

following keratoplasty. 

 

 

 

Figure 5.5h Slit lamp photograph of an eye with a sulcoflex, sulcus fixated intraocular lens 

sitting anteriorly to an intra-capsular intraocular lens, (Courtesy of Prof CNJ McGhee) 

 

Capsulotomy 

  

Posterior capsular opacification (Figure 5.5i) is the most common problem presenting after 

modern cataract extraction, and can lead to clinically significant reduction in visual acuity, 

impaired contrast sensitivity, glare disability, and monocular diplopia.547 Opacification of the 

posterior capsule is most commonly described in terms of lens epithelial cell growth that 

forms pearls or fibrosis, however other mechanisms may be implicated including lens 

remnants, mechanical distortion of the bag, and the deposition of protein and cells.547  

 

Treatment of posterior capsule opacification is typically with Nd:YAG laser capsulotomy, 

although surgical capsulotomy is a more invasive alternative. In the current study, 36 eyes 
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(4.3%) underwent Nd:YAG capsulotomy and 3 (3.6%) eyes underwent surgical capsulotomy 

in the post keratoplasty period. Within the ACGR, 3% of eyes underwent Nd:YAG 

capsulotomy post-graft.194 

 

 

Figure 5.5i Slit lamp photograph of an eye demonstrating and IOL associated with 

significant posterior capsular opacification, (Courtesy of Prof CNJ McGhee) 

 

5.6 CONCLUSIONS  

Penetrating keratoplasty (88.5%) was the most common type of corneal transplantation 

followed by anterior lamellar keratoplasty (7.7%), and Descemet’s stripping endothelial 

keratoplasty (3.0%). Echoing global trends, there was an increase in the proportion of 

lamellar keratoplasty techniques, with a corresponding decline in the proportion of 

penetrating keratoplasty procedures in the later years of the study. The first endothelial 

keratoplasty procedure was performed in Auckland in August 2008, and over the ensuing two 

years a total of 28 procedures were performed. In 2009, endothelial keratoplasty represented 

20.2% of all corneal transplantation procedures. 

In penetrating keratoplasty eyes, the majority of donor grafts (75.5%) were sized between 

7.75mm and 8.25mm (range: 3.0 mm to 11.5 mm). The majority of donor grafts were 

therefore within the spectrum of donor sizes associated with a lower risk for transplant 

failure.  The most common trephination combination involved a 0.25mm oversized donor 

using an 8.25mm donor trephine. The most common suture technique employed was 
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interrupted (47.4%), followed by combined interrupted/continuous (35.7%) and continuous 

alone (16.9%). 

Overall, 467 accompanying procedures were performed during 238 (28.5%) of the total 834 

penetrating graft procedures, a figure comparable with the Australian Corneal Graft 

Registry.115 The rates of accompanying procedures in the international literature however, 

varied widely from 18% to 55%.369,500 In the present study, the most common additional 

procedures accompanying corneal transplantation were; insertion of intraocular lens (11.5%), 

extracapsular cataract extraction (8.6%), anterior vitrectomy (5.6%), intraocular lens removal 

(2.8%), pupilloplasty (2.3%), and division of peripheral anterior synechiae (3.0%).  

Postoperative procedures were performed in 42.7% of penetrating keratoplasty eyes, 41.1% 

of deep anterior lamellar keratoplasty eyes, and 42.9% of endothelial keratoplasty eyes. This 

rate was slightly higher than that observed in the Australian Corneal Graft Registry (33%).115 

In the present study, the most common postoperative procedures were; selective suture 

removal (15.3%), resuturing (12.0%), and phacoemulsification (8.0%). 
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Chapter 6 

 

Complications and Adverse Events 
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INTRODUCTION 

 

Adverse events and complications may prejudice the success of a corneal graft, and in severe 

cases may threaten the integrity of the eye itself. These may arise during both the 

intraoperative and postoperative period. Early recognition and intervention are paramount to 

increasing corneal graft survival and optimising visual outcomes. Preoperative counselling 

for patients undergoing corneal transplantation should include awareness of symptoms and 

signs of possible postoperative complications and the consequences of delayed medical 

treatment. 

 

Elevated intraocular pressure (IOP) is one of the major associations or causes of corneal graft 

failure.194,453,454,548 IOP reflects the fluid pressure inside the eye and is primarily determined 

by the coupling of the production and drainage of aqueous humor. The distribution of IOP 

within the general population has an approximate range of 11 to 21mmHg.549 From the outset 

it is important to clarify the distinction between elevated IOP and glaucoma. The World 

Health Organisation defines glaucoma as a ‘group of diseases that have as a common end 

point a characteristic optic neuropathy which is determined by both structural change and 

functional deficit.’550 IOP is the only known modifiable risk factor to slow or halt disease 

progression in studies of those at risk of developing glaucoma,551 those with early to 

moderate glaucoma,552,553 and those with more advanced glaucoma.298,554,555 Information 

regarding glaucomatous optic nerve cupping and visual field changes is often difficult to 

obtain before keratoplasty and in the immediate post-operative  period because of 

preoperative media opacification and postoperative corneal distortion.548 

 

In the scientific literature, a wide range of terms and values have been used to describe 

‘elevated intraocular pressure’ and ‘glaucoma’, thereby complicating comparisons between 

studies.  In the current study, elevated IOP was empirically defined as an IOP greater than 21 

mmHg. This definition was consistent with a previous Auckland-based study that examined 

post-keratoplasty intraocular pressure elevations in the eyes of subjects with keratoconus. 556  

Huber et al defined ‘post penetrating keratoplasty glaucoma’ as a durable elevated IOP ≥22 

mmHg  at different time points, which resulted in the introduction of anti-glaucoma 

medications or surgical intervention, with or without associated visual field loss or optic 

nerve head changes.557 Simmons et al defined elevated IOP as ≥ 24mmHg,558 whereas Chien 

et al considered an increase in IOP to be ≥30mmHg.559 In a study by Aldave et al, patients 
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were classified as having glaucoma if they received at least 3 consecutive months of anti-

glaucoma therapy or had a history of surgery to control IOP.452 

 

The research highlighted in this chapter aimed to identify the adverse events and 

complications affecting patients undergoing corneal transplantation in the Auckland region. 

Corneal graft rejection is discussed separately in Chapter 7. 

 

6.1 INTRAOPERATIVE COMPLICATIONS AND EVENTS 

Results 

Overall, intraoperative complications occurred in 117 (12.4%) procedures with 100 (10.6%) 

procedures associated with one complication, 13 (1.4%) procedures associated with two 

complications, and 4 (0.4%) procedures associated with three complications. Details of the 

number of intraoperative complications are provided in Tables 6.1a and 6.1b. Nine planned 

DALK procedures were converted from an anterior lamellar graft to a full thickness graft.  

 

The most common intraoperative complication was positive vitreous pressure which affected 

6.8% of penetrating keratoplasty procedures, and 6.3% of all corneal transplant procedures. 

Six eyes (0.7%) undergoing penetrating keratoplasty developed an intraoperative 

suprachoroidal haemorrhage. All but one of these patients had a complex ocular history prior 

to undergoing corneal transplantation, the details of which are outlined in Table 6.1c. The 

remaining patient was morbidly obese (147 kg) and was given intravenous Mannitol pre-

operatively in an attempt to decrease positive vitreous pressure. The age range was 27 to 63 

years. In all cases the corneal donor button was successfully sutured in place without loss of 

intraocular contents. An interrupted suture form was placed in 5 eyes, and a mixed 

interrupted and continuous suture form was placed in one eye. An anterior vitrectomy was 

performed in 3 of 6 eyes with suprachoroidal haemorrhage. 
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Intraoperative complications  

and operative difficulties 

PKP (%) 

 n =834 

DALK (%) 

n=73 

DSEK (%) 

n=27 

TOTAL (%) 

n=941 

Positive Vitreous Pressure 57 (6.8%) 1 (1.4%) 1 (3.7%) 59 (6.3%) 

Suprachoroidal haemorrhage 6 (0.7%) 0 (0.0%) 0 (0.0%) 6 (0.6%) 

Difficulty Releasing Adhesions 19 (2.3%) 0 (0.0%) 0 (0.0%) 19 (2.0%) 

Thin Host Tissue 13 (1.6%) 0 (0.0%) 0 (0.0%) 13 (1.4%) 

Anterior segment bleeding 13 (1.6%) 0 (0.0%) 0 (0.0%) 13 (1.4%) 

- bleeding from angle 3 (0.4%) 0 (0.0%) 0 (0.0%) 3 (0.3%) 

- bleeding from host NV 5 (0.6%) 0 (0.0%) 0 (0.0%) 5 (0.5%) 

- bleeding from iris 4 (0.5%) 0 (0.0%) 0 (0.0%) 4 (0.4%) 

- bleeding (not specified) 1 (0.1%) 0 (0.0%) 0 (0.0%) 1 (0.1%) 

Severe Donor Graft Oedema 10 (1.2%) 0 (0.0%) 1 (3.7%) 11 (1.2%) 

Conversion to PKP from DALK 9 (1.1%) 0 (0.0%) 0 (0.0%) 9 (1.0%) 

Production of Fibrin 6 (0.7%) 0 (0.0%) 0 (0.0%) 6 (0.6%) 

Scarred Host Tissue 5 (0.6%) 1 (1.4%) 1 (3.7%) 7 (0.7%) 

Posterior Capsular Tear 4 (0.5%) 0 (0.0%) 0 (0.0%) 4 (0.4%) 

Zonular Dehiscence associated with ECCE 2 (0.2%) 0 (0.0%) 0 (0.0%) 2 (0.2%) 

Foreign Body on Donor Endothelium 1 (0.1%) 0 (0.0%) 0 (0.0%) 1 (0.1%) 

Retinal Detachment 1 (0.1%) 0 (0.0%) 0 (0.0%) 1 (0.1%) 

Elevated Intraocular Pressure 0 (0.0%) 0 (0.0%) 1 (3.7%) 1 (0.1%) 

Poor  View of Iris Details 0 (0.0%) 1 (1.4%) 0 (0.0%) 1 (0.1%) 

PKP = penetrating keratoplasty; DALK = deep anterior lamellar keratoplasty,  

DSEK = Descemet’s stripping endothelial keratoplasty; NV = neovascularisation;  

ECCE = extracapsular cataract extraction 

 

Table 6.1a Details of the intraoperative complications by graft type in eyes undergoing corneal 

transplantation in the Auckland region for the decade 2000-2009, overall 117 eyes (12.4%) 

exhibited at least one intraoperative complication or difficulty ((n=941 eyes) 
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Type of 

Graft 

No complications One complication Two complications Three complications 

PKP 722 96 13 3 

DALK 71 1 0 1 

DSEK 24 3 0 0 

TOTAL 825 100 13 4 

 

Table 6.1b Details of the number of intraoperative complications by type of keratoplasty in 

eyes undergoing corneal transplantation in the Auckland region for the decade 2000-2009, 

overall (n=941 eyes)  

 

 

Indication Lens Wgt(kg) Ocular History Outcome 

CU Phakic 85 
Microbial keratitis with corneal 

perforation 
Failed 

KC Phakic 147 Keratoconus Survived 

RPT PCIOL 75 

PKP for microbial keratitis. Aqueous 

drainage device. Subsequent graft 

dehiscence and iris prolapse.  

Failed 

BK Aphakic 111 
Congenital glaucoma and cataract, 

microphthalmos and nystagmus 
Failed 

CU PCIOL 89 
Microbial keratitis with corneal 

perforation 
Deceased* 

RPT SPCIOL 94 

PKP for penetrating eye injury 1994. 

Traumatic glaucoma requiring 

trabeculectomy. SPCIOL 
Survived 

CU = corneal ulceration, KC keratoconus, RPT = regraft, BK = bullous keratopathy, 

PCIOL = posterior chamber intraocular lens, SPCIOL = scleral sutured posterior chamber 

intraocular lens, PKP = penetrating keratoplasty, Wgt (kg) = weight (kilograms), IOP = 

intraocular pressure 

*patient passed away one year following transplantation 

 

Table 6.1c Details of the six patients that underwent penetrating keratoplasty that developed 

an intraoperative suprachoroidal haemorrhage. 
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6.2 POSTOPERATIVE COMPLICATIONS AND EVENTS 

Results 

The most common postoperative complication was loose or broken sutures (30%) followed 

by dry eye (15.9%). Other common postoperative complications included epithelial defects 

(9.8%), wound dehiscence (3.4%) and microbial keratitis (3.2%). 

Loose or Broken Sutures 

 

Number of loose or 

broken sutures removed 

PKP (%) 

n = 834 

DALK (%)  

n =73 

Patch graft 

(%) 

n=6 

TOTAL (%)  

n=941 

One 119 (14.3) 9 (12.3) 1 (16.7) 129 (13.7) 

Two 52 (6.2) 7 (9.6) 0 59 (6.3) 

Three 28 (3.4) 2 (2.7) 1 (16.7) 31 (3.3) 

Four 22 (2.6) 4 (5.5) 0 26 (2.8) 

Five 15 (1.8) 2 (2.7) 1 (16.7) 18 (1.9) 

Six 4 (0.5) 0 0 4 (0.4) 

Seven 6 (0.7) 2 (2.7) 0 8 (0.9) 

≥ Eight 7 (8.4) 1 (1.4) 0 8 (0.9) 

TOTAL 253 (30.3) 27 (37.0) 3 (50.0) 283 (30.1) 

PKP = penetrating keratoplasty; DALK = deep anterior lamellar keratoplasty 

Table 6.2a Number of loose or broken sutures removed in the post-keratoplasty period in the 

Auckland region for the decade 2000-2009, (n=941 eyes) 

Postoperative loose or broken suture removal was required in 283 (30.1%) eyes, including 

253 (30.3%) penetrating keratoplasty eyes, and 27 (37%) deep anterior lamellar keratoplasty 

eyes. Loose or broken sutures did not occur in cases of endothelial keratoplasty. This reflects 

the fact that in endothelial keratoplasty the donor button is primarily secured to the host with 

an air tamponade rather than sutures. Of the 253 penetrating keratoplasty procedures 

associated with suture removal, 119 (47%) involved the removal of a single suture only. 

Details of the grafts associated with postoperative loose or broken suture removal are 

provided in Table 6.2a. 
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INDICATION 

 

No of  

Cases 

Grafts Associated with Removal of 

Loose or Broken Sutures 

N % 

Corneal ulceration 58 24 41.4 

Keratoconus 389 147 37.8 

HSV keratitis 27 9 33.3 

Trauma 46 13 28.3 

Regraft 198 50 25.3 

Other 43 10 22.7 

Corneal dystrophy 108 24 22.2 

Bullous keratopathy 72 6 8.3 

TOTAL 941 283 30.0 

Table 6.2b Details of the number of procedures associated with suture removal for loose or 

broken sutures by indication in the Auckland region for the decade 2000-2009 with the 

percentage of procedures affected for each indication in the right hand column, (n=941 eyes)  

The occurrence rate of postoperative loose or broken sutures varied by indication, ranging 

from 8.3% in procedures performed for bullous keratopathy to 41.4% for keratoplasty in 

cases of corneal ulceration. Details of the number of procedures associated with suture 

removal for loose or broken sutures by indication are provided in Tables 6.2b. 

In the event that any given eye underwent more than one transplantation procedure during the 

study procedure, only the first event was included for analysis. Following the exclusion of 

multiple transplant events, there were 777 penetrating keratoplasty eyes. There was strong 

evidence of an effect of age (p=.001) with older patients less likely to experience loose 

sutures, and suture form with ‘continuous’ least likely to experience loose sutures. There was 

also possible evidence of an effect of indication (p=.06, corneal dystrophy least likely and 

corneal ulceration most likely), distance (p=.08, closer more likely) and private/public 

(p=.05, 0 more likely than 1). The details of the variables influencing loose sutures are 

provided in Table 6.2c. 
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Analysis of Risk Factors for Loose Sutures 

Variable Odds Ratio 
95% Confidence Limits 

P value 
Lower Bound Upper Bound 

Gender: male vs. female 0.85 0.59 1.2 0.36 

Age (increase of 1 year) 0.98 0.97 0.99 0.001 

Level of deprivation 1.1 0.99 1.1 0.12 

Proximity to treatment centre 0.9 0.35 2.1 0.08 

Centre:  public vs. private  1.6 1.0 2.6 0.05 

Indication(vs. other) 

Keratoconus  0.89 0.78 1.0 

0.06 

Bullous keratopathy  1.4 0.58 3.3 

Corneal dystrophy  0.49 0.15 1.6 

Corneal ulceration  2.3 0.80 6.3 

Viral keratitis  1.6 0.57 4.4 

Trauma  1.5 0.43 5.4 

Regraft  1.3 0.45 4.1 

Suture Type (vs. mixed) 

Interrupted 1.4 0.95 2.1 <0.001 

Continuous 0.19 0.09 0.39 

 

Table 6.2c Multivariate analysis of risk factors for loose sutures including odds ratios and 

confidence intervals of all variables for penetrating grafts in the Auckland region for the 

decade 2000-2009, (n=777 eyes) 

 

Ocular Surface Abnormalities 

Dry Eye 

Cases of dry eye were identified from the clinical records by the appellation ‘dry eye’ or ‘dry 

ocular surface’. Clinicians used a variety of strategies to diagnose dry eye including ocular 

staining with fluorescein, tear break up time and subjective patient reported symptoms. Dry 

eye developed in 150 eyes (15.9%) following keratoplasty. Regraft (23.2%), corneal 

ulceration (20.7%), and bullous keratopathy (18.1%) were associated with higher rates of 

postoperative dry eye compared with keratoconus (11.8%) and “other” (11.4%). PKP 

(17.1%) was associated with higher rates of postoperative dry eye compared with DALK 
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(6.8%), and DSEK (3.6%). Details of the number of procedures associated with dry eye in the 

post-keratoplasty period by indication are provided in Table 6.2d. 

 

INDICATIONS Number of Procedures 

Associated with Dry Eye 

Percentage of Procedures 

Associated with Dry Eye 

Keratoconus 46 11.8 

Bullous keratopathy 13 18.1 

Corneal dystrophy 17 15.7 

Corneal ulceration 12 20.7 

HSV keratitis 4 14.8 

Trauma 7 15.2 

Regraft 46 23.2 

Other 5 11.4 

TOTAL 150 15.9 

 

Table 6.2d Details of the number of procedures associated with dry eye in the post-

keratoplasty period, by indication, in the Auckland region for the decade 2000-2009. Overall 

150 (15.9%) of eyes were diagnosed with some form of dry eye. (n=941 eyes) 

 

Other Ocular Surface Abnormalities 

Other post-keratoplasty ocular surface abnormalities included; atopic conjunctivitis (24 eyes), 

topical drug toxicity (24 eyes), peripheral sterile infiltrates (24 eyes) mucous filaments (19 

eyes), and meibomian gland disease (15 eyes). Peripheral sterile infiltrates occurred in 12 

eyes with keratoconus, 6 eyes with regraft, 3 eyes with corneal ulceration and 3 eyes with 

Fuchs endothelial dystrophy. 

 

Epithelial Defects 

 

Postoperative epithelial defects were observed in 92 (9.8%) eyes. Corneal ulceration (27.6%) 

as an indication for surgery was associated with a higher rate of epithelial defect compared 

with other indications. Details of the number of grafts associated with postoperative epithelial 

defect are provided in Table 6.2e. 
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INDICATION 

Corneal Grafts Associated with Epithelial Defect 

Number  Percentage  

Keratoconus 31 8.0 

Corneal ulceration 16 27.6 

Regraft 13 6.6 

Corneal dystrophy 11 10.2 

Bullous keratopathy 8 11.1 

Trauma 5 10.9 

HSV keratitis 4 14.8 

Other 4 9.1 

TOTAL 92 9.8 

 

Table 6.2e Details of the number of grafts associated with post-keratoplasty epithelial defect 

in the Auckland region for the decade 2000-2009, (n=941 eyes)  

 

Wound Dehiscence 

 

Dehiscence Following Removal of all Sutures 

The interval from keratoplasty to suture removal ranged from 7 months to 36 months, with 

sutures typically being removed at around 1.5 years post-surgery (mean, 19.1 ± 6.2 months). 

Notably, all cases of dehiscence, bar one (7 months), were at least 12 months post-surgery. 

The original suture form included 9 eyes with interrupted sutures, 5 eyes with continuous 

sutures, and 4 eyes with mixed continuous and interrupted sutures. Dehiscence occurred 
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exclusively in patients with full thickness grafts. Details of the eyes associated with wound 

leak following removal of sutures are provided in Table 6.2f. 

 

Indication Age Gender Suture Form Interval from Keratoplasty  

(months) 

Keratoconus 56 Female Interrupted 36 

Bullous keratopathy 77 Female Interrupted 25 

Bullous keratopathy 84 Female Interrupted 24 

Trauma 80 Male Interrupted 20 

Keratoconus 38 Female Interrupted 20 

Other 68 Female Interrupted 19 

Corneal Dystrophy 66 Male Interrupted 19 

Corneal Ulceration 43 Female Interrupted 15 

Regraft 48 Male Interrupted 14 

Regraft 48 Male Interrupted 14 

Keratoconus 45 Female Continuous 25 

Corneal Dystrophy 64 Male Continuous 17 

Keratoconus 27 Male Continuous 17 

Corneal Dystrophy 56 Female Continuous 15 

Other 81 Male Continuous 7 

Regraft 78 Female Mixed 20 

Corneal Dystrophy 67 Female Mixed 14 

 

Table 6.2f Details of the eyes associated with wound leak following removal of corneal graft 

sutures in the Auckland region for the decade 2000-2009, (n=941 eyes) 

In the current study, 17 (1.8%) eyes developed wound leak following removal of all sutures.  

In addition, slippage of the graft-host junction (without aqueous leak) occurred in 12 (1.3%) 

eyes following removal of sutures. The interval from keratoplasty to removal of sutures 

ranged from 14 months to 28 months (mean, 20.7 ±5.1 months). The original suture form 

included 5 eyes with interrupted sutures, 1 eye with continuous sutures, and 6 eyes with 

mixed continuous and interrupted sutures. Slippage of the graft-host junction following 

removal of sutures occurred exclusively in eyes with full thickness grafts. Details of these 

eyes are provided in Table 6.2g. 
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Indication Suture Form Interval (months) Management 

Viral Keratitis Interrupted 25 Resutured 

Viral Keratitis Interrupted 20 Monitored 

Corneal Dystrophy Interrupted 20 Monitored 

Trauma Interrupted 18 Resutured 

Other Interrupted 17 Resutured 

Keratoconus Continuous 19 Monitored 

Corneal Dystrophy Mixed 32 Resutured 

Corneal Dystrophy Mixed 28 Resutured 

Corneal Dystrophy Mixed 20 Resutured 

Keratoconus Mixed 18 Resutured 

Corneal Dystrophy Mixed 17 Monitored 

Trauma Mixed 14 Resutured 

Interval = Interval from Keratoplasty to Removal of Sutures 

 

Table 6.2g Details of the eyes associated with slippage of the graft-host junction following 

removal of corneal graft sutures in the Auckland region for the decade 2000-2009, (n=941 

eyes) 

Spontaneous Dehiscence 

Spontaneous wound leak in first post-operative week was observed in 33 eyes; exclusively in 

penetrating keratoplasty grafts. The original suture form included 19 eyes with interrupted 

sutures, 8 eyes with continuous sutures, and 5 eyes with mixed continuous and interrupted 

sutures. Ten of these patients were taken back to theatre and the cornea re-sutured, 22 eyes 

were managed conservatively and the leak sealed spontaneously, and one eye was managed 

with a bandage contact lens. Details of the eyes associated with spontaneous wound leak in 

the first post-operative week are provided in Appendix 6.2a. 
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Indication Suture  Other Complications Interval(days) 

Keratoconus Interrupted 
Preceding ET defect, low IOP and shallow 

anterior chamber,  limbitis 
32 

Corneal 

Ulceration 
Interrupted 

Non-healing epithelial defect requiring 

botox ptosis 
77 

Corneal 

Ulceration 
Interrupted 

Multiple wound leaks leading to graft 

failure 
102 

Keratoconus Continuous Prolonged hazy cornea post-operatively 173 

Regraft Interrupted 
Poor ocular surface, loose sutures removed 

one month prior to wound leak 
425 

Keratoconus Mixed 
Previous small sterile corneal infiltrate 2 

years prior to wound leak 
676 

Interval = Interval from keratoplasty to wound leak (days), suture = suture form 

 

Table 6.2h Details of the eyes associated with spontaneous corneal graft wound leak outside 

of the immediate postoperative period in the Auckland region for the decade 2000-2009, 

(n=941 eyes). The third column describes other post-operative complications associated with 

the grafted eye 

 

Six eyes developed spontaneous wound leak outside of the immediate post-operative period; 

5 full thickness grafts and 1 tectonic graft. All of these eyes required resuturing of the graft 

host junction. The original suture form included 4 with interrupted sutures, 1 eye with a 

continuous suture, and 1 eye with mixed continuous and interrupted sutures. Details of the 

eyes associated with spontaneous corneal graft wound leak outside of the immediate 

postoperative period are provided in Table 6.2h.  

In addition, 12 eyes experienced spontaneous slippage of the graft host junction without 

associated aqueous leak (Table 6.2i). Spontaneous slippage of the graft host junction occurred 

in 2 eyes with a deep anterior lamellar keratoplasty, and 10 eyes with a full thickness graft. 
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Indication Graft Type Suture Form Time 

(months) 

Treatment 

Keratoconus DALK Interrupted 11 Resutured 

Corneal Dystrophy PKP Mixed 14 Resutured 

Bullous Keratopathy PKP Mixed 16 Monitored 

Keratoconus PKP Continuous 16 Resutured 

Keratoconus PKP Mixed 17 Resutured 

Keratoconus PKP Interrupted 17 Resutured 

Bullous Keratopathy PKP Interrupted 21 Resutured 

Keratoconus DALK Interrupted 22 Resutured 

Regraft PKP Mixed 26 Resutured 

Keratoconus PKP Continuous 34 Resutured 

Keratoconus PKP Mixed 44 Resutured 

Keratoconus PKP Mixed 101 Monitored 

PKP = penetrating keratoplasty; DALK = deep anterior lamellar keratoplasty; Time 

(months) = Interval from keratoplasty to spontaneous slippage of graft-host junction 

(months) 

 

Table 6.2i Details of the eyes associated with spontaneous slippage of the graft host junction 

in the Auckland region for the decade 2000-2009, (n=941 eyes)  

 

Other Causes of Wound Dehiscence 

Wound dehiscence was also associated with single cases of scleromalacia, infective keratitis, 

descemetocele and suture breakage. 

 

Traumatic graft rupture 

Traumatic graft rupture occurred in 15 (1.6%) eyes. The interval from keratoplasty to 

traumatic graft rupture ranged from 1 month to 65 months (mean, 20.2 ± 18.2 months). Graft 

failure developed in 9 (60%) of these eyes following traumatic graft rupture, with 2 eyes 

eventually becoming phthisical. Traumatic graft rupture occurred exclusively in eyes with a 

full thickness graft. Details of the eyes associated with traumatic graft rupture in the current 

study are provided in Table 6.2j. 
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Indication Additional Details Time 

mths 

Mechanism Treatment Outcome 

Keratoconus Iris prolapse 23 
Alcohol 

related fall 
Resuture Phthisical  

Keratoconus Nil 3 Assault 
Resuture,  lensectomy, 

anterior vitrectomy 

Failed – 

regrafted 

Keratoconus Nil 12 Unstated Resuture Failed 

Keratoconus Nil 6 
Accidental, 

finger in eye  
Resuture Survived 

Keratoconus 
Loss crystalline lens, 

iris rupture. 
23 Assault Resuture Survived 

Keratoconus Loss crystalline lens 14 
Accidental, 

finger in eye  
Resuture Survived 

Keratoconus Iris prolapse 16 Unstated Resuture Survived 

Corneal 

Ulceration 

Vitreous prolapse 

loss crystalline lens 
25 

Fall onto 

concrete 

Resuture, lensectomy 

and anterior vitrectomy 
Failed 

Viral 

keratitis 
Loss of IOL 65 

Accidental, 

falling can  
Resuture 

Failed 

regrafted 

Viral 

keratitis 

Vitreous 

haemorrhage 
1 Unstated Resuture  Survived 

Regraft Vitreous prolapse 3 Assault 
Resuture and anterior 

vitrectomy 
Phthisical  

Regraft Subluxed IOL 49 
Accidental  

eye hit table 

Resuture and anterior 

vitrectomy 
Failed 

Regraft Loss of IOL 39 
Accident, 

kicked in eye 
Resuture Failed 

Regraft Loss of IOL 11 
Accidentally 

hit in the eye 
Resuture Survived 

Other Total hyphaema 13 Unstated Resuture Failed 

Time (mnths) = interval from keratoplasty to graft rupture (months); IOL= intraocular lens 

 

Table 6.2j Details of the eyes (1.6%) associated with traumatic graft rupture in the Auckland 

region for the decade 2000-2009, (n=941 eyes) 
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Wound Misalignment 

Ten grafts (9 PKPs and 1 DALK) were noted to have misalignment of the graft host junction 

in the first 6 months following transplantation (range: 0 – 4 months).  All ten grafts were 

resutured. The original suture form included 8 eyes with interrupted sutures and 2 eyes with 

continuous sutures.  

 

Infection 

Conjunctivitis 

Conjunctivitis occurred exclusively in eyes with a full thickness graft; 15 eyes with 

adenoviral conjunctivitis and 1 eye with bacterial conjunctivitis.  All cases of conjunctivitis 

resolved. Details of the 16 patients who developed conjunctivitis in the grafted eye in the 

post-keratoplasty period are provided in Appendix 6.2b. 

Microbial Keratitis 

Microbial and presumed microbial keratitis developed in 30 eyes (3.2%) following corneal 

transplantation and occurred exclusively in eyes with a full thickness graft. The interval from 

keratoplasty to onset of microbial keratitis ranged from 5 days to 102 months (mean, 28.5 ± 

29.2 months). A causative microorganism was identified on corneal scrape in 15 eyes (50%). 

In the event that a causative microorganism was not identified the diagnosis of presumed 

microbial keratitis was made based on the clinical appearance and/or the response to 

antimicrobial therapy. Graft failure developed in 18 eyes (60%) with one eye requiring 

enucleation. Details of the eyes that developed confirmed and presumptive microbial keratitis 

are provided in Tables 6.2k and 6.2l, respectively. 

In addition, suture abscess developed in 23 eyes following keratoplasty. Suture abscess 

occurred exclusively in eyes with a full thickness graft. The interval from keratoplasty to the 

onset of suture abscess ranged from 1 month to 59 months (mean, 15.3 ± 15.8 months). 

Although removal of sutures is typically performed between 18 and 24 months post-

keratoplasty, prolonged suture retention occurs in those patients who do not return for 

scheduled follow up visits. Furthermore, small suture remnants may persist following suture 

removal. Overall, suture abscess was associated with a favourable outcome with only one 

(non-compliant) patient developing graft failure. Details of the eyes that developed suture 

abscess are provided in Table 6.2m. 
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Indication Age Gender 
Time 

(mths) 
Topical Drugs Organism Outcome 

Regraft 23 M 27 F. Cef/Tob Moraxella catarrhalis Failed 

Regraft 69 F 9 F. Cef/Tob 
Granulicatella 

adiacens 
Resolved 

Regraft 43 M 5 Cipro Moraxella catarrhalis Failed 

Bullous 

Keratopathy 
91 F 93 

Natamycin,    

F. Cef/Tob 
Fungal keratitis Failed 

Bullous 

Keratopathy 
81 F 63 F. Cef/Tob 

Pseudomonnas 

aeruginosa 
Failed 

Corneal 

Ulceration 
29 M 41 F. Cef/Tob 

Coagulase –ve  

staphylcoccus 
Resolved 

Keratoconus 17 F 31 F. Cef/Tob 
Staphylococcus 

aureus 
Resolved 

Regraft 47 M 30 F. Cef/Tob Gram +ve bacilli Resolved 

Corneal 

Ulceration 
39 F 5 F. Cef/Tob 

Non haemolytic 

streptococcus 
Resolved 

Corneal 

Dystrophy 
80 F 77 F. Cef/Tob Moraxella catarrhalis Failed 

Corneal 

Ulceration 
91 F 1 F. Amikacin 

Mycobacterium 

species 
Failed 

Corneal 

Ulceration 
30 M 3 

F. Cef/Tob, 

Acyclovir 
Gram positive bacilli Failed 

Regraft 87 F 21 F, Cef/Tob 
Pseudomonas 

aeruginosa 
Resolved 

Corneal 

Ulceration 
83 M 9 

F. Cef/Tob,  

Acyclovir 

Corynebacterium 

diphtheria 

Failed 

 

Other 81 F 102 F. Cef/Tob Klebsiella oxytoca Failed 

Time (mths) = interval from keratoplasty to microbial keratitis (months); F = female, M = male, F. 

Cef/Tob = g. Cefuroxime 5% and Tobramycin 1.36% intensive duotherapy, Cipro = ciprofloxacin 

3%, F. amikacin = Fortified amikacin sulphate 5%, Acyclovir = acyclovir 3% eye ointment, 

Natamycin = natamycin 5% 

 

Table 6.2k Details of the 15 eyes that developed confirmed microbial keratitis in the post-

keratoplasty period in the Auckland region for the decade 2000-2009, (n=941 eyes) 
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Indication Age Gender 
Time 

(mths) 
Topical Treatment Growth Outcome 

Regraft 28 F 44 Ciprofloxacin NG Failed 

Regraft 36 F 6 Fortified Cef/Tob NG Failed 

Regraft 23 F 11 Fortified Cef/Tob NG Failed 

Corneal 

ulceration 
23 F 8 Fortified Cef/Tob NG Failed 

Keratoconus 27 M 37 Ciprofloxacin NG Resolved 

Keratoconus 32 M 36 Ciprofloxacin NG Resolved 

Bullous 

keratopathy 
72 M 3 Fortified Cef/Tob NG Resolved 

Corneal 

ulceration 
61 M 6 Ciprofloxacin NG Failed 

Regraft 52 F 85 Ciprofloxacin NG Failed 

Keratoconus 38 F 3 Ciprofloxacin NG Resolved 

Regraft 26 M 3 Fortified Cef/Tob NG Enucleated 

Keratoconus 31 M 36 Cipro NG Resolved 

Keratoconus 64 M 0 Cipro NG Resolved 

Regraft 74 M 23 Fortified Cef/Tob NG Failed (perf) 

Regraft 54 F 36 Fortified Cef/Tob NG Failed (perf) 

Time (mths) = interval from keratoplasty to microbial keratitis (months), F = female, M = male, 

Ciprofloxacin = ciprofloxacin 3%, Fortified Cef/Tob = Cefuroxime 5% and Tobramycin 1.36% 

intensive duotherapy, Growth, NG = no growth, (Perf) = perforated 

 

Table 6.2l Details of the 15 eyes that developed presumed microbial keratitis in the post-

keratoplasty period in the Auckland region for the decade 2000-2009, (n=941 eyes) 
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Indication Age Gender Time  

(mths) 

Topical Treatment Outcome 

Corneal Ulceration 39 Male 3 Fortified Cef/Tob Settled 

Regraft 28 Male 26 Fortified Cef/Tob  Settled 

Keratoconus 14 Male 11 Fortified Cef/Tob Settled 

Keratoconus 28 Male 27 Ciprofloxacin 0.3%  Settled 

Regraft 19 Male 12 Ciprofloxacin 0.3%  Failed 

Keratoconus 47 Female 57 Fortified Cef/Tob Settled 

Keratoconus 19 Male 1 Chloramphenicol Settled 

Corneal Ulceration 25 Female 16 Ciprofloxacin 0.3%  Settled 

Viral Keratitis 26 Female 4 Ciprofloxacin 0.3%  Settled 

Keratoconus 26 Male 59 Ciprofloxacin 0.3%  Settled 

Keratoconus 34 Male 6 Fortified Cef/Tob Settled 

Keratoconus 18 Female 10 Fortified Cef/Tob Settled 

Corneal Dystrophy 68 Female 2 Ciprofloxacin 0.3%  Settled 

Keratoconus 32 Male 21 Fortified Cef/Tob Settled 

Keratoconus 17 Female 10 Ciprofloxacin 0.3%  Settled 

Keratoconus 35 Male 2 Ciprofloxacin 0.3%  Settled 

Corneal Dystrophy 78 Female 6 Ciprofloxacin 0.3%  Settled 

Keratoconus 22 Female 25 Ciprofloxacin 0.3%  Settled 

Corneal Dystrophy 71 Female 22 Ciprofloxacin 0.3%  Settled 

Corneal Dystrophy 80 Female 10 Fortified Cef/Tob Settled 

Keratoconus 33 Female 2 Fortified Cef/Tob Settled 

Keratoconus 29 Male 6 Fortified Cef/Tob Settled 

Trauma 20 Female 13 Ciprofloxacin 0.3%  Settled 

Time (mths) = interval from keratoplasty to suture abscess (months); Fortified Cef/Tob = 

Cefuroxime 5% and Tobramycin 1.36% intensive duotherapy; Fortified Gent/Tob = 

Gentamicin 0.3% and Cefuroxine 5% intensive duotherapy 

 

Table 6.2m Details of the eyes that developed suture abscess following keratoplasty in the 

Auckland region for the decade 2000-2009, (n=941 eyes) 
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Two eyes developed crystalline keratopathy following penetrating keratoplasty. No 

organisms were identified and the keratopathy resolved following treatment topical 

antibiotics. 

Herpes Simplex Keratitis 

Herpes simplex keratitis developed in 12 eyes following keratoplasty. Of these, 4 eyes had no 

previous history of ocular herpetic disease. All patients were treated with Acyclovir 3% eye 

ointment 5x a day. The interval between keratoplasty and onset of herpetic keratitis ranged 

from 2 months to 87 months (mean, 24.9 ± 27.3 months). Details of the eyes which 

developed herpetic keratitis following keratoplasty are provided in Table 6.2n. 

 

Indication Recurrent/de 

Novo 

Prophylaxis Age Gender Time 

(mths) 

Outcome  

Viral Keratitis Recurrent yes 26 Female 2 Resolved 

Regraft Recurrent yes 61 Female 4 Resolved 

Viral Keratitis Recurrent yes 61 Female 5 Resolved 

Corneal 

Ulceration 
Recurrent yes 49 Male 7 Resolved 

Viral Keratitis Recurrent yes 54 Female 7 Resolved 

Other de novo no 66 Female 13 Resolved 

Regraft de novo no 66 Male 20 Resolved 

Regraft Recurrent yes 52 Female 22 Resolved 

Keratoconus de novo no 32 Male 27 Resolved 

Keratoconus Recurrent no 30 Female 35 Failed 

Keratoconus de novo no 31 Female 70 Settled 

Viral Keratitis Recurrent no 68 Female 87 Scarring 

Prophylaxis = prophylactic treatment with oral acyclovir 400mg po bd; Time (mths) = 

interval from keratoplasty to onset of herpes keratitis (months) 

 

Table 6.2n Details of the eyes which developed herpes simplex keratitis following 

keratoplasty in the Auckland region for the decade 2000-2009, (n=941 eyes) 
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Endophthalmitis 

Indication Age Gender Past Ocular History 

OT 68 F Childhood penetrating eye injury in the contralateral eye 

BK 53 F 
Congenital ectopia lentis. Cataract extraction performed in the 1950s. 

Secondary intraocular lens inserted 1992. 

TR 53 M 

Penetrating eye injury 2004 with traumatic loss of intraocular lens. 

Traumatic glaucoma requiring trabeculectomy 2005. Sutured posterior 

chamber intraocular lens inserted 2005. 

KC 56 F Severe atopic keratoconjunctivitis. Aphakic 

RPT 42 F Penetrating eye injury requiring penetrating keratoplasty 1998 

OT 75 M 
Advanced glaucoma with trabeculectomy. Previous episode of 

pseudomonas keratitis 

OT = other, BK = bullous keratopathy, TR = trauma, KC = keratconus, RPT = regraft 

 

Table 6.2o Details of the past ocular history of the six eyes that developed infective 

endophthalmitis following keratoplasty in the Auckland region for the decade 2000-2009, 

(n=941 eyes) 

 

Six penetrating keratoplasty eyes developed endophthalmitis post-keratoplasty. One further 

patient was thought to have a sterile endophthalmitis and received intensive topical antibiotic 

treatment as a precaution but vitreous tap was not performed in this case. All of the patients 

that developed confirmed endophthalmitis post-keratoplasty had a complex ocular history 

prior to undergoing corneal transplantation, the details of which are outlined in Table 6.2o. 

Details relating to the episode of endophthalmitis are provided in Table 6.2p. 
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Indication 
Time 

(mths) 

Topical 

Treatment 

Intravitreal 

Treatment 

Systemic 

Treatment 
Organism Outcome 

OT 19 F. Cef/Tob 
Amphotericin 

Vancomycin  
Moxifloxacin  

Alpha 

haemolytic 

streptococcus 

Settled 

BK 1 Ciprofloxacin  
Vancomycin 

Amikacin  
No 

Streptococcus 

species 
Failed 

TR 18 Ciprofloxacin  Ceftazidine  Augmentin 
Streptococcus 

veridans 
Failed 

KC 36 Ciprofloxacin  
Vancomycin  

Amikacin  
No No growth Settled 

RPT 18 Ciprofloxacin  
Vancomycin  

Amikacin 
No 

Staphyloccocus 

aureus 
Settled 

OT 28 F, Cef/Tob No No 
Serratia 

marcescens 
Settled 

CU 24 F, Cef/Tob No No Sterile Settled 

Time (mths) = interval from keratoplasty to endophthalmitis (months); KC = keratoconus; BK = 

bullous keratopathy; CU = corneal ulceration; TR = trauma; RPT = regraft; OT = other, F, Cef/Tob 

= g. Cefuroxime 5% and Tobramycin 1.36% intensive duotherapy, Ciprofloxacin = ciprofloxacin 

3%, Amphotericin = Amphotericin B 5μg/0.1 mL, Vancomycin = Vancomycin 1mg/0.1mL, 

Amikacin = Amikacin 0.4mg/0.1mL, Ceftazidine = Ceftazidine 2.25mg/0.1mL, Moxifloxacin  = 

Moxifloxacin 400mg, Augmentin  = Augmentin IV 1.2grams 

 

Table 6.2p Details of the episodes of infective endophthalmitis that developed in six eyes 

following keratoplasty in the Auckland region for the decade 2000-2009, (n=941 eyes) 

 

Other Post-operative complications 

Details of other post-operative complications/events are provided in Tables 6.2q-6.2v. 

Lens Pathology (n)   

Broken haptic on IOL   1 

Incorrect IOL placement/ dislocated IOL  5 

Lens material in the anterior chamber  1 

Anterior capsule tear  

 

 1 

Table 6.2q Details of other lens related post-operative complications/events in the Auckland 

region for the decade 2000-2009, (n=941 eyes) 
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Corneal Pathology (n)   

Dellen 1 

Corneal scarring post compression sutures 2 

Epithelial ingrowth 1 

Graft host junction epitheliopathy 1 

Rough, irregular epithelium 1 

Necrotic area with wound leak 1 

Non healing arcuate incisions 1 

Perforated graft 1 

Ciprofloxacin deposits 1 

Flare of Rosacea keratitis 5 

Exposure keratopathy 2 

Calcium deposits 1 

Crystalline deposits 2 

Recurrence of corneal dystrophy 1 

Gaping arcuate incision 1 

Graft shrinkage 14 

Corneal thinning 7 

Transient graft oedema 6 

Bullous keratopathy 3 

 

Table 6.2r Details of other post-operative corneal complications/events in the Auckland 

region for the decade 2000-2009, (n=941 eyes) 

 
 

Trauma (n)   

Traumatic iritis  1 

Retinal commotio post fall  1 

Inferior microcystic oedema  1 

Corneal and conjunctival abrasion  2 

Corneal/conjunctival foreign body  3 

Hyphaema  7 

Chemical/thermal burn  2 

 

Table 6.2s Details of other traumatic post-operative complications/events in the Auckland 

region for the decade 2000-2009, (n=941 eyes) 
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Infection/Inflammation (n)  

Uveitis 16 

Conjunctival inflammation 2 

Fibrin in the anterior chamber 1 

Bleb injection 1 

Limbitis 2 

360⁰ posterior synechiae - elevated intraocular pressure 1 

Retrocorneal membrane 3 

Inflammation post arcuate incisions 1 

Chronic inflammation  3 

Phylectenule 1 

Inflamed eye with scleral lysis 1 

Table 6.2t Details of other infectious/inflammatory post-operative complications/events in 

the Auckland region for the decade 2000-2009, (n=941 eyes) 
 

Retinal Pathology (n)  

Retinal Detachment 19 

Suprachoroidal haemorrhage 1 

Choroidal effusion 5 

Vitreous haemorrhage 1 

Epiretinal membrane 4 

Central retinal vein occlusion 4 

Cilioretinal artery occlusion 1 

Age related macular degeneration/pigment epithelial detachment 2 

Fundal scar suspected microscope burn 1 

Diabetic maculopathy 2 

 

Table 6.2u Details of other retinal post-operative complications/events in the Auckland 

region for the decade 2000-2009, (n=941 eyes) 
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Other (n)   

Silicone oil in the anterior chamber 7 

Low intraocular pressure 5 

Secondary anterior chamber 2 

Vitreous to wound 2 

Shallow anterior chamber - no leak 1 

Sclerotomy leak (with bleb) – hypotony 1 

Pituitary macroadenoma  1 

Temporal arteritis 1 

Sixth nerve palsy 1 

Bell’s Palsy 2 

Preseptal cellulitis 1 

Intracorneal haemorrhage 1 

Pupil abnormality 5 

Iris to wound 2 

Iris cysts 1 

Peripheral anterior synechiae 1 

Anterior ischaemic optic neuropathy 1 

 

Table 6.2v Details of other related post-operative complications/events in the Auckland 

region for the decade 2000-2009, (n=941 eyes) 

 

6.3 ELEVATED INTRAOCULAR PRESSURE 

Results 

Overall, raised intraocular pressure was recorded in 335 eyes following keratoplasty (303 

[36.3%] penetrating keratoplasty eyes, 21 [28.8%] deep anterior lamellar keratoplasty eyes, 

10 [35.7%] endothelial keratoplasty eyes, and 1 tectonic graft). Raised intraocular pressure 

was the second leading association/cause of corneal graft failure (13%) after corneal graft 

rejection (35.1%). 

 

Of the 303 penetrating grafts recording a rise in intraocular pressure in the post-graft period, 

56 eyes developed elevated IOP within the first week. The longest interval from penetrating 

keratoplasty to the initial detection of raised IOP was 122 months (mean 7.5 ± 13.0 months). 

The highest recorded IOP was 78mmHg (mean 31.0 ± 7.9 mmHg), 10 days following 

keratoplasty in a 41 year old female undergoing corneal transplantation for corneal 
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ulceration. High rates of post-keratoplasty IOP elevation were observed in eyes with bullous 

keratopathy (43.1%), corneal ulceration (55.6%), viral keratitis (50%) and trauma (50%) 

compared with eyes with corneal endothelial dystrophy (34.1%) and keratoconus (27%). 

Details of the penetrating keratoplasty eyes recording a rise in IOP in the post-graft period are 

provided in Table 6.3a. 

INDICATION Post Keratoplasty Intraocular Pressure Elevation - mmHg 

Number of Eyes 

>21 to <30  ≥30 to <40  ≥40 to <50  ≥50 TOTAL  

Keratoconus 40 (11.3%) 38 (11.0%) 11 (3.2%) 4 (1.2%) 93 (27.0%) 

Bullous 

keratopathy 

9 (13.8%) 13 (20.0%) 3 (4.6%) 3 (4.6%) 28 (43.1%) 

Corneal Dystrophy 11 (12.1%) 8 (8.8%) 9 (9.9%) 3 (3.3%) 31 (34.1%) 

Corneal Ulceration 6 (13.3%) 13 (28.9%) 4 (8.9%) 2 (4.4%) 25 (55.6%) 

Viral Keratitis 4 (18.2%) 3 (13.6%) 2 (9.1%) 2 (9.1%) 11 (50.0%) 

Trauma 13 (29.5%) 4 (9.1%) 5 (11.4%) 0 (0.0%) 22 (50.0%) 

Regraft 38 (19.8%) 29 (15.1%) 12 (6.3%) 5 (2.6%) 84 (43.8%) 

Other 4 (13.3%) 4 (13.3%) 1 (3.3%) 0 (0.0%) 9 (30.0%) 

TOTAL 125 (15.0%) 112 (13.4%) 47 (5.6%) 19 (2.3%) 303 (36.3%) 

 

Table 6.3a Details of eyes recording a rise in intraocular pressure in the post-keratoplasty 

period in the Auckland region for the decade 2000-2009, (n=834 eyes) 

In the current study, 107 eyes undergoing penetrating keratoplasty had a background of pre-

existing glaucoma. Of these, 64 eyes went on to record a rise in IOP in the post-graft period. 

Overall, 21.2% of eyes developing a rise in IOP in the post-graft period had a background of 

pre-existing glaucoma.  

Analysis of Risk Factors for Raised Intraocular Pressure at 2 Years 

In the event that any given eye underwent more than one transplantation procedure during the 

study procedure, only the first event was included for analysis. Following the exclusion of 

multiple transplant events, there were 777 eyes with penetrating keratoplasty. 

There was evidence of an association of a history of raised IOP and raised IOP at 2 years. 

There was also evidence of an association with male gender. Patients of Maori or Pacific 

Ethnicity were less likely to develop an episode of raised IOP compared with ‘other’ ethnic 
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groups. Details of odds ratios and confidence intervals of all variables are provided in Table 

6.3b. 

Variable Odds ratio 
95% Confidence Interval 

P value 
Lower bound Upper bound 

Gender: male vs. female 1.51 1.06 2.15 0.02 

Age 1.008 1.00 1.02 0.24 

Preoperative BCVA 1.002 0.96 1.05 0.92 

Quadrants of NV 0.92 0.78 1.09 0.31 

Size of donor button 1.15 0.84 1.58 0.39 

No previous intraocular surgery 0.73 0.41 1.29 0.28 

No previous contralateral graft 1.12 0.75 1.68 0.59 

Atopy 0.94 0.63 1.40 0.76 

No previous history of raised IOP 0.41 0.23 0.71 0.002 

Ethnicity (vs.group ‘other’) 

European 0.58 0.27 1.25 0.009 

Maori 0.28 0.11 0.70 0.009 

Pacific 0.29 0.12 0.69 0.009 

Indian 0.55 0.20 1.49 0.009 

Indication (vs. group ‘other’) 

Keratoconus  1.41 0.57 3.50 0.08 

 Bullous keratopathy  1.08 0.40 2.90 0.08 

Corneal dystrophy  0.96 0.36 2.56 0.08 

Corneal ulceration  3.04 1.11 8.37 0.08 

Viral keratitis  3.48 0.98 12.36 0.08 

Trauma  2.14 0.76 6.01 0.08 

Regraft  1.15 0.46 2.88 0.08 

IOP = intraocular pressure; BCVA = best corrected visual acuity; NV = neovascularisation; CI = 

confidence interval 

 

Table 6.3b Multivariate analysis of risk factors for raised intraocular pressure at 2 years 

including odds ratios and confidence intervals of all variables for penetrating keratoplasty 

procedures in the Auckland region for the decade 2000-2009 (n=777 eyes) 
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Treatment Methods  

Table 6.3c outlines the medical treatment methods used to reduce intraocular pressure in 

those with elevated pressures. In addition to medical therapy, surgical procedures to address 

intraocular pressure elevations were performed in 18 eyes. Details of the surgical procedures 

performed for post-keratoplasty elevations in intraocular pressure are outlined in Table 6.3d. 

Medical Treatment Measures Used to Reduce Intraocular Pressure No. of 

Eyes 

Reduction or cessation of corticosteroids alone 56 

Addition of ocular antihypertensive alone  80 

Oral acetazolamide alone 19 

Reduction of corticosteroid + ocular antihypertensive  63 

Ocular antihypertensive + oral acetazolamide  34 

Reduction of corticosteroids + oral acetazolamide  2 

Reduction of corticosteroids + oral acetazolamide + ocular antihypertensive  13 

Continuation of pre-existing ocular antihypertensive regimen, no additional treatment  4 

Increase or recommencement of corticosteroids 2 

Increase or recommencement of corticosteroids + oral acetazolamide 2 

Reduction of corticosteroids + ocular antihypertensive + oral acetazolamide + 

intravenous mannitol + subconjunctival dexamethasone 

1 

Addition of ocular antihypertensive, oral acetazolamide and intravenous mannitol 3 

IOP monitored over subsequent visits, no ocular antihypertensive treatment  22 

Unknown 2 

TOTAL 303 

 

Table 6.3c Medical treatment measures used to normalise intraocular pressure in penetrating 

keratoplasty eyes in the Auckland region for the decade 2000-2009, (n=834 eyes) 
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Surgical Treatment Measures Used to Normalise Intraocular Pressure Number of Eyes 

Argon laser trabeculoplasty 1 

Cyclodestructuve procedures 5 

Glaucoma drainage tube/trabeculectomy 10 

Surgical removal of viscoelastic 1 

Viscodissection of peripheral anterior synechiae 1 

 

Table 6.3d Surgical treatment measures used to normalise intraocular pressure in penetrating 

keratoplasty eyes in the Auckland region for the decade 2000-2009, (n=834 eyes) 

 

6.4 DISCUSSION 

6.4a Intraoperative Complications 

Intraoperative complications may arise during any corneal transplantation procedure and may 

have implications for long-term graft survival. Severe intraoperative complications may 

threaten the integrity of the eye itself. Overall, in the current study, some form of 

intraoperative complication was recorded in 117 (12.4%) procedures. These complications 

occurred in (112 (13.4%) penetrating keratoplasty procedures, 2 (2.7%) deep anterior 

lamellar keratoplasty procedures, and in 3 (11.1%) endothelial keratoplasty procedures 

respectively. Positive vitreous pressure was the most common intraocular complication, 

affecting 6.8% of penetrating keratoplasty procedures (6.3% of all transplant procedures). 

Intraoperative Positive Vitreous Pressure and Suprachoroidal Haemorrhage  

Increased vitreous pressure can significantly compromise the performance and outcome of 

penetrating keratoplasty.475 Elevated vitreous pressure may arise from both local causes such 

as suprachoroidal haemorrhage (Figure 6.4a), and systemic causes such as obesity and 

pulmonary oedema.475 Contact of the iris or lens with the corneal graft button, or iris prolapse 

through the graft-host-junction, can make corneal suturing extremely difficult, and a shallow 

anterior chamber also makes removal of the peripheral cortex problematic during combined 

corneal transplant and cataract extraction.475,560 The most feared complication of increased 

vitreous pressure is an expulsive haemorrhage in which the intraocular contents are expelled 

from the eye, typically with devastating consequences. Other associated complications 

include endothelial cell loss, cataract formation, natural or intraocular lens loss, capsular 
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rupture, and vitreous loss.475,560 Secondary angle closure glaucoma may arise as a late 

complication.475 

 

 

Figure 6.4a B scan ultrasound image of an eye with suprachoroidal haemorrhages indicated 

by the arrows following corneal transplantation.  

 

In the current study, suprachoroidal haemorrhage occurred in 6 eyes undergoing penetrating 

keratoplasty. With the exception of one eye, suprachoroidal haemorrhage occurred in eyes 

with significant prior ocular morbidity such as infection, trauma and congenital cataract. The 

remaining patient was morbidly obese. Fortunately, there were no cases of an expulsive 

haemorrhage and the surgeons were able to successfully secure the corneal donor without 

loss of intraocular contents in all eyes. Corneal graft failure subsequently developed in the 

first post-operative month in one eye with a suprachoroidal haemorrhage. Two other eyes 

developed graft failure two and four years following penetrating keratoplasty, respectively. 

  

Prophylactic pharmacological and mechanical measures may be used both pre-operatively, 

and intra-operatively, to reduce vitreous pressure.560 However, elevations in vitreous pressure 

may arise despite preventive measures. Numerous surgical techniques to manage elevations 

in vitreous pressure have been described including vitreous aspiration through the pupil or 

pars plana.475 . In the current study, anterior vitrectomy was performed in response to an 

unexpected complication of surgery in 8 cases (See Chapter 5 for further details). Three of 

these were performed in the context of an eye with suprachoroidal haemorrhage. A planned 
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pars plana core vitrectomy was performed in both eyes of a morbidly obese (177kg) 

keratoconic patient in order to enable successful surgery under local anaesthetic. 

 

6.4b Postoperative Complications and Events 

 

Postoperative complications such as graft rejection, elevated intraocular pressure, loose or 

broken sutures, bacterial keratitis, and wound dehiscence may have a negative impact on 

short and long term graft survival and thus on visual outcome. The likelihood of graft 

survival is enhanced by the early recognition and prompt treatment of postoperative 

complications. Following corneal transplant an eye is also susceptible to the same pathologies 

experienced by the general population, such as macular degeneration or vascular occlusions, 

and these conditions may also have significant implications for the visual potential. 

In the current study, the most common postoperative complication was loose or broken 

sutures (30%) followed by signs/symptoms of dry eye (15.9%). Other common postoperative 

complications included epithelial defects (9.8%), wound dehiscence (3.4%) and microbial 

keratitis (3.2%). 

Loose or Broken Sutures 

 

 

Figure 6.4b Slit lamp photograph using a cobalt blue filter demonstrating a corneal graft with 

3 loose sutures and associated fluorescein staining. Black arrows indicate the loose sutures 
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In the current study, almost one third of procedures (283 [30%]) were associated with 

postoperative loose or broken suture removal, comprising 253 (30.3%) penetrating 

keratoplasty procedures and 27 (11.1%) deep anterior lamellar keratoplasty procedures.  

 

On multivariate analysis there was strong evidence (p=0.001) that older patients were less 

likely to experience loose sutures compared with younger patients. One possible explanation 

is that collagen cross-linking (the formation of covalent bonds between corneal collagen 

fibrils) occurs naturally with aging. The enhanced mechanical stability in mature corneas may 

explain why loose sutures are relatively uncommon in older patients.  

The continuous suture form was least likely to experience loose sutures, followed by the 

interrupted suture technique. The combined suture form was most likely to develop loose 

sutures. Au et al compared the wound integrity produced by various suture patterns in 

penetrating keratoplasty in a human cadaver eye model under conditions of elevated 

intraocular pressure.561 The results indicated that a single continuous suture form produced 

maximum wound integrity and water-tightness compared with the interrupted suture form. 

While there is no comparable human study, the results of this cadaver study suggest that the 

continuous suture pattern produces a more secure closure than interrupted sutures alone. 

There was a non-statistically significant trend for an association between indication and loose 

sutures. Corneal ulceration was most likely to develop loose sutures and bullous keratopathy 

the least likely. Dana et al, postulated that inflammatory conditions in the host may lead to 

suture erosion by affecting cell turnover and suture biodegradation. They found that eyes that 

underwent keratoplasty for inflammatory conditions presented with suture erosion 10 months 

earlier than did those with non-inflammatory conditions (p=0.09).562 

Postoperative erosion of broken or loosened corneal graft sutures (Figure 6.4b) through the 

epithelium may give rise to a constellation of complications ranging from irritation to sight-

threatening events such as allograft rejection, microbial keratitis and endophthalmitis.562 

Indeed, suture erosions are responsible for around one-third, to one-half of all corneal 

transplant procedures complicated by corneal infection.562 In addition, spontaneous breakage 

and/or erosion of corneal sutures can result in visually disabling astigmatism and/or wound 

dehiscence with spontaneous wound leakage.276 Avoidance of suture-related complications 

necessitates regular monitoring, patient compliance and timely intervention.276 In our centre, 
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corneal graft sutures are typically removed between 15 and 18 months in order to avoid late 

suture complications. 

 

A large retrospective study examining suture-related complications of keratoplasty (n=332) 

reported the following, relatively frequent, occurrence rates; suture erosions, 10.8%; 

infiltrates, 9.4%; infectious keratitis related to sutures, 3.3%; loose sutures with imminent 

wound separation in need of surgical repair, 8.3%; and wound dehiscence following suture 

removal, 2.4%.276 Another study evaluating the reasons for post-keratoplasty emergency 

visits reported that loose corneal suture (25%) requiring removal was the most common 

diagnosis.563 

 

Ocular Surface Abnormalities 

Ocular surface disorders can cause significant morbidity and may impede visual 

rehabilitation.564 Following corneal transplantation, a number of factors may adversely affect 

ocular surface health including; corneal denervation, the frequent instillation of topical 

medications, and the presence of atopic disease and/or meibomian gland dysfunction (Figure 

6.4c demonstrates a full thickness corneal graft with a poor quality ocular surface). Although 

it has previously been estimated that disorders of the ocular surface account for 25% of graft 

failure,275 this risk has been reduced in recent years with the use of improved ocular 

lubricants, topical cyclosporine A, bandage contact lenses, and lateral tarrsoraphy.565 

Following corneal transplantation, the corneal surface is subject to enormous change 

including replacement of the entire donor epithelium by the recipient.564 Although the precise 

timeframe is unknown, studies of epithelial rejection and sex chromatin in rabbits suggest 

that donor epithelium may persist for up to 1 year following transplantation.53 In addition, 

secure adhesion of the newly reconstituted epithelium to the underlying tissue necessitates 

assembly of new basal lamina and firm hemidesmosomal attachment.564  

 

Ocular surface integrity is further compromised by corneal denervation.564 Corneal nerves 

play an important protective and trophic role, and disruption of corneal innervation may 

result in altered epithelial morphology and function, poor tear film, and impaired wound 

healing.566 Ocular surface defence is mediated by the neuro-anatomic integration of two 

neural reflexes, both of which are initiated by the ophthalmic branch of the trigeminal 

nerve.567 These two reflexes control “compositional” tear secretion and “hydrodynamic” 



219 
 

eyelid blinking and closure, and are mediated by the parasympathetic branch of the facial 

nerve and the motor branch of the facial nerve, respectively.567 

 

 

 

Figure 6.4c Slit lamp photograph using a blue filter and topical fluorescein to demonstrate a 

poor quality ocular surface in a full thickness corneal graft, (Courtesy of Prof CNJ McGhee) 

 

Penetrating keratoplasty transects corneal nerves in the mid-periphery through 360o, thereby 

inducing a neurotrophic state. Regeneration of the sub-basal nerve plexus occurs slowly, and 

reduced sub-basal nerve density has been observed in the cornea up to 40 years following 

penetrating keratoplasty.566 In the current study, data on corneal sensation were not 

consistently available and therefore were not recorded.The ramifications for the ocular 

surface are twofold; the neurotrophic state causes aqueous deficient dry eye and the disturbed 

hydrodynamic spread of tears results in increased desiccation.567 These two factors may 

contribute to the relatively high frequency of epithelial complications observed after 

penetrating keratoplasty.564 Futhermore, corneal nerves play an important role in wound 

healing and therefore a neurotrophic state is likely to translate into poor wound healing with 

an increased risk of graft failure. 

 

A prospective study564 examining the type and prevalence of epithelial abnormalities in the 

immediate postoperative period after penetrating keratoplasty reported high rates of punctate 

epithelial keratopathy (63%), hurricane keratopathy (51%), and filamentary keratopathy 

(14%). Factors associated with a higher prevalence of punctate epithelial keratopathy 



220 
 

included older recipient age and the use of topical antibiotics, whereas, topical ofloxacin and 

increased time after surgery were associated with lower prevalence of punctate keratopathy. 

Decreased corneal sensation and the presence of anterior blepharitis preoperatively were 

associated with a higher prevalence of hurricane keratopathy.564 

Dry Eye 

Dry eye adversely affects quality of life by means of symptoms of pain and irritation, and a 

negative impact on visual performance.23 Currently, there are no uniform criteria for the 

diagnosis of dry eye disease and the disease is diagnosed largely on the basis of symptoms 

and clinical signs.23 The primary objectives of treatment are symptom control, and restoration 

of the ocular surface to the normal homeostatic state.23  

 

In the current study, 150 eyes (15.9%) developed postoperative dry eye. Regraft (23.2%), 

corneal ulceration (20.7%), and bullous keratopathy (18.1%) were associated with higher 

rates of postoperative dry eye compared with keratoconus (11.8%) and “other” (11.4%). PKP 

(17.1%) was associated with higher rates of postoperative dry eye compared with DALK 

(6.8%), and DSEK (3.6%). This may reflect the fact that the rate of corneal nerve 

regeneration following surgery is influenced by the depth and circumference of incision.566 

Animal models suggest that incisions less than than approximately 50% corneal thickness 

spare some of the stromal nerves, thereby permitting neural regeneration from adjacent 

stromal nerves (although all DALKs were intended to be at least 90% depth).568  

 

Corneal Graft Dehiscence 

In the current study, 32 eyes developed wound dehiscence; 15 following trauma and 17 

following removal of sutures. Overall, a total of 78 (9.3%) PKP eyes had some form of non-

traumatic graft host junction compromise in the post-operative period.  Of these, 51 (5.6% of 

studied eyes) required resuturing of the graft host junction, consistent with another large 

study that found 5.4% required resuturing.569 Spontaneous wound leak occurred in 33 eyes in 

the immediate postoperative period, and in 6 eyes outside the immediate postoperative 

period. In addition, slippage of the graft-host junction without associated aqueous leak 

occurred in 12 eyes following removal of sutures, and spontaneously in another 12 eyes. Thus 

a total of 95 (10.1%) eyes had some form of graft host junction compromise in the post-

operative period.  
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Corneal surgical wounds never gain tensile strength comparable to that of a normal intact 

cornea, and eyes subjected to keratoplasty are at a lifetime risk of rupture at the graft host 

junction.570,571 A compromised graft host junction may manifest in a number of ways 

including; wound dehiscence, wound leak, or antero-posterior slippage of the graft host 

junction. As previously noted, corneal graft dehiscence may arise spontaneously, post-suture 

removal, or in association with trauma.  

 

Although graft dehiscence may occur at any time, studies of corneal wound healing have 

identified certain timeframes of heightened risk following keratoplasty.570 The period of 

greatest risk is the first post-operative month because the wound strength is almost entirely 

dependent on the sutures.570 A histological animal model of sutured, full thickness limbal 

corneal wounds, demonstrated that the immediate postoperative strength of the sutured 

wound was only 6.5% of the previously undisturbed limbus of the same eye, with this figure 

increasing to 38% at the first month.572
 At six months, the sutured wound was found to have 

regained only 70% of its preoperative strength.572 Purely corneal wounds are likely to be even 

less strong than limbal corneal wounds. 

 

The first 18 months post-operatively represent a period of moderate risk of graft-host-

junction compromise. Although the tensile strength of the wound increases incrementally, the 

contribution to wound strength from the sutures diminishes as the sutures age, degrade and 

loosen, thus lessening their tensile strength.570 The second high risk period occurs following 

the removal of the graft sutures when the eye is entirely dependent on wound healing for 

tensile strength.570 Following removal of corneal graft sutures, the risk of traumatic graft 

rupture is equivalent to that of the first postoperative year, and this period lasts approximately 

6 months.570 Unsurprisingly, early removal of corneal graft sutures is associated with an 

increased risk of wound dehiscence,573 however, rates as high as 7.2% have been reported 

even when suture removal is postponed as long as 24 months postoperatively.574 In the 

current study, all but one of the eyes with dehiscence and wound leak were at least 12 months 

post-keratoplasty at the time of suture removal. However, these patients, were on average, 

older than those without wound leaks, suggesting that older patients may benefit from a 

longer period of suture retention compared to younger patients. The rate of wound dehiscence 

with and without wound leak following suture removal in our study (3.2%) is similar to 

previously reported rates of 2.4%276,277,575 and 2.9%576. 
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Wound dehiscence following suture removal can be associated with other complications, as 

one patient in this study developed endophthalmitis.  Other reports have also described 

endophthalmitis following suture removal both with and without associated wound 

dehiscence577 and one case of expulsive haemorrhage has been reported.577   

Visual prognosis following wound dehiscence after suture removal is typically better 

compared with traumatic wound dehiscence because of involvement of other intraocular 

structures in the latter group. A New Zealand series reported that half of the eyes obtained a 

final visual outcome of hand movements (or less) following traumatic rupture of penetrating 

keratoplasty wounds.570 

Traumatic Dehiscence 

 

 

 

Figure 6.4d Slit lamp photograph of an eye with previous traumatic graft rupture. Iris 

prolapse and extrusion of the crystalline lens occurred at the time of trauma resulting in an 

aphakic eye with a distorted pupil and scarred graft-host-junction 

 

Graft dehiscence may occur at any time, particularly in the context of trauma, with one study 

reporting traumatic graft rupture 33 years following keratoplasty.589 A summary of previous 

reports of traumatic graft rupture following penetrating keratoplasty is provided in Table 

6.4a. 571 
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Authors No. 

eyes 

Incidence (%) Time (months) Final BCVA 

≥6/60 (%) 

Raber et al578 10 NA 1 to 18 months >4 (40) 

Topping et al579 4 NA 2.5 to 72 months 4 (100) 

Farley and Pettit580 14 NA 3 days to 13 years >7 (50) 

Agrawal et al581 18 1.3 15 days to 22 

months 

7 (39) 

Rohrbach et al582 15 0.6 1 month to 25 

years 

5 (33) 

Rehany at Rumelt583 14 2.5 2 weeks to 2 years ≥12 (86) 

Tseng et al584 21 2.5 2 months to 13 

years 

6 (29) 

Bowman et al585 19 5.7 3 to 96 weeks ≥12 (63) 

Oshry and 

Lifihitz586 

11 NA 2 months to 3 

years 

>6 (55) 

Elder and Stack570 8 5.8 1 to 120 months 4 (50) 

Tran et al587 26 1.4 1 month to 20 

years 

≥7 (27) 

Nagra et al588 30 2.7 1 week to 31 years 11 (37) 

Das et al589 19 3.0 15 days to 33 

years 

>9 (47) 

Lam et al590 19 3.8 3 days to 15 years ≥8 (42) 

Hirastuka et al591 7 1.9 16 to 168 months ≥1 (14.3) 

Williams et al592 15 2.6 6 weeks to 18 

years 

NA 

Kawashima et al 43 1.8 9 days to 14 years 15 (34.9) 

BCVA - Best Corrected Visual Acuity. NA - not available/reported, Time (months) = 

Interval between Keratoplasty  and Graft Rupture, No. eyes = numner of eyes 

 

Table 6.4a A summary of previous reports of traumatic graft rupture following penetrating 

keratoplasty 

In the current study, 15 eyes sustained traumatic graft rupture (Figure 6.4d demonstrates an 

eye with previous traumatic corneal graft rupture). The interval from keratoplasty to 
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traumatic graft rupture ranged from 1 month to 65 months. Unfortunately, corneal graft 

failure developed in 9 (60%) eyes following traumatic graft rupture with 2 eyes eventually 

becoming phthisical.  

 

Traumatic graft rupture occurred exclusively in eyes with a full thickness graft. Lamellar 

keratoplasty procedures are believed to have a structural advantage over traditional full 

thickness corneal procedures owing to the preservation deep stromal and Descemet’s layer 

host tissue. However, despite this theoretical advantage globe rupture may still occur in the 

context of deep anterior lamellar keratoplasty. A recent study reported that 2.0% of 

penetrating keratoplasty eyes developed traumatic globe rupture, compared with 0.5% of 

deep anterior lamellar keratoplasty eyes .571 

 

Infection 

Microbial Keratitis 

In the current study, 30 penetrating keratoplasty eyes (3.2%) developed microbial keratitis 

following corneal transplantation. The interval from keratoplasty to onset of microbial 

keratitis ranged from as little as 5 days to as late as 102 months. A causative microorganism 

was identified on corneal scrape in 14 eyes. Graft failure developed in 18 eyes with one eye 

requiring enucleation. 

 

Figure 6.4e Slit lamp photograph of a penetrating keratoplasty with a concurrent, paracentral 

microbial keratitis and allograft rejection (in the presence of 360 degrees of corneal neo-

vascularisation). White arrow indicates the area of infiltrate with overlying epithelial defect 
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Infectious keratitis occurring after penetrating keratoplasty (Figure 6.4e) is associated with 

considerable risk of ocular morbidity, graft failure and blindness.593  The incidence rate 

exhibits variation between studies owing to inherent differences in the background 

population, patient management, and study design.594 Developed countries typically have a 

lower incidence with most studies reporting incidence rates of 1.5% to 11.6%.194,595-598 

Studies suggest that the period of greatest risk is within 1 year of corneal transplantation, and 

the time course for development of infectious keratitis appears to be related to the principal 

contribution, whether ocular surface disease or suture complications.594 

 

Authors  Study Period Location 
Bacterial 

Keratitis (%) 

Most common 

organism 

Graft 

survival (%) 

Wagoner et al594       
1967 -1992 Saudi Arabia 4.9 

Staphylococcus 

epidermidis 
37.7 

Al-Hazzaa et al599    

 
1938-1988 Saudi Arabia 10.3 

Streptococcus 

pneumonia 
NA 

Fong et al597             

 
1978-1985 United States 3.2 

Staphylococcus 

aureus 
NA 

Tavakkoli et al598      

 
1967-1992 United States 4.0 

Pseudomonas 

aeruginosa 
NA 

Tseng et al595             

 
1989-1994 United States 11.6 

Streptococcus 

pneumonia 
43.2 

Bates et al596              

 
1982-1986 United States 1.5 

Streptococcus 

pneumonia 
28.0 

Avoka et al600           

 
1991-1995 Turkey 7.4 

Streptococcus 

pneumonia 
NA 

Anshu et al497            

 
1991-2009 Singapore 5.3 NA 

NA 

 

NA, Not applicable 

 

Table 6.4b A summary of previous studies examining the incidence of microbial keratitis 

following penetrating keratoplasty – highlighting bacterial keratitis 
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Geographic variation is observed in the patterns of microbial culture in corneal graft 

infection.593 While pneumococcus species and Staphylococcus aureus are the most frequently 

implicated microorganisms in the developed world, Staphylococcus epidermidis is the most 

commonly detected microorganism in the developing world.593 A summary of previous 

studies examining the incidence of microbial keratitis following penetrating keratoplasty is 

provided in Table 6.4b. 594 

Corneal transplant related infection necessitates prompt and judicious management. Medical 

therapy pivots around appropriate, typically fortified combination, antibiotic therapy.593 The 

role of prophylactic antibiotic is controversial with various authors emphasizing the 

ineffectiveness of long-term antibiotics in the prevention of infective keratitis and the risk of 

the development of antibiotic resistant flora.597,598,601 Surgical management of infective 

keratitis may be indicated in two settings:593 emergency therapeutic penetrating keratoplasty 

may be required in recalcitrant infective ulcers particularly in the context of imminent 

perforation, and elective keratoplasty may be required for healed keratitis with optically 

significant corneal scarring. 

Post-keratoplasty graft infection is associated with a poor visual prognosis, and there is a high 

rate of graft decompensation.593 Most studies report that only 23% to 50% of patients retained 

clear grafts after successful medical treatment of infectious keratitis.596,598,601 In a study by 

Bates et al,596 53% of eyes required a regraft and a similar figure of 40% was reported by 

Vajpayee et al.602 

Herpes Simplex Keratitis 

Following penetrating keratoplasty, herpes simplex keratitis may develop de novo or may 

recur in eyes where the keratoplasty procedure was performed for corneal scar secondary to 

healed herpetic keratitis or performed acutely for an active corneal infection.594 The reported 

incidence varies from 8.9% to 21%.603,604 In a study performed by Remeijer, the interval 

between keratoplasty and the onset of herpetic keratitis varied from 1 day to 13 years.605 

Herpetic keratitis after keratoplasty may manifest as a classic dendritic keratitis, or as a non-

healing epithelial defect, and may occur concurrently with allograft rejection.594 Prophylactic 

systemic acyclovir has been advocated against recurrence of herpes simplex keratitis after 

penetrating keratoplasty. In the current study, herpes simplex keratitis developed in 12 eyes 

following keratoplasty. Of these, 4 eyes had no previous history of ocular herpetic disease. 

Six eyes with a background of ocular herpetic disease were currently on prophylactic 
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systemic acyclovir when the herpes simplex keratitis recurred in the transplant. However, it is 

worth noting that 27 transplants were performed for confirmed herpes simplex keratitis, and 

the majority received prophylactic systemic acyclovir in the post-operative period, thus this 

represents only 44.4% recurrence rate during the duration of the study 

 

Endophthalmitis 

Endophthalmitis is a devastating, albeit rare, inflammatory condition of the intraocular 

cavities with high potential for ocular morbidity including irreversible, profound vision 

loss.606 Infectious aetiology is the most common, though sterile endophthalmitis may result 

from various causes including retained native lens material, penetrating ocular injury, or from 

toxic agents. Endophthalmitis has been classified into 4 categories according to clinical 

setting and time of onset: (1) postoperative (acute or delayed onset, bleb associated), (2) post-

traumatic, (3) endogenous, and (4) miscellaneous (e.g. secondary to microbial keratitis).607 

 

The rate of endophthalmitis following penetrating keratoplasty is relatively low and estimated 

at around 0.38%, however, a systematic review indicates that the incidence has declined 

during the last decade.606  Treatment typically involves injection of intravitreal antibiotics.608 

The Endophthalmitis Vitrectomy Study concluded that routine, immediate, pars plana 

vitrectomy is not necessary in patients with better than light-perception vision at presentation 

but is of substantial benefit for those who have light-perception only vision.608 In the current 

study, only 6 (0.64 %) eyes developed endophthalmitis post-keratoplasty, comparable to the 

overall incidence of endophthalmitis occurring after primary PKP (0.67%) within the United 

Kingdom Transplant registry.609 However, these figures are almost double that of the 

international pooled estimate of 0.38% reported in the systematic review by Taban.606 Chen 

et al from the United Kingdom Transplant registry postulated that the reason for this apparent 

difference may be under reporting in the literature and inconsistencies in inclusion criteria.609 

In the current study, all of the eyes that developed confirmed endophthalmitis post-

keratoplasty had a complicated past ocular history prior to undergoing transplantation. 

Previous ocular surgery and high risk transplants have been shown to be associated risk 

factors for the development of endophthalmitis following keratoplasty.609 

 

In summary, post-operative complications were relatively common in this and comparable 

studies and ultimately can be sight threatening. In particular, a variety of suture-related 
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complications were observed including loose or broken sutures, infiltrates, infectious keratitis 

related to sutures, wound slippage, and wound dehiscence. Furthermore, episodes of loose 

sutures in this study were found to be an independent risk factor for corneal graft failure 

(Chapter 8). Therefore, avoidance of suture-related complications necessitates regular 

monitoring, patient compliance, timely intervention and planned removal.  At our centre, 

corneal graft sutures are typically removed at approximately 18 months to enable adequate 

healing and to hopefully avoid late suture complications. Unfortunately, patient compliance 

with attendance is a significant problem within our population as elaborated in Chapter 10.  

Therefore, timely intervention and planned removal are not always possible. Both 

preoperative counselling and ongoing patient education are important in emphasising 

compliance and empowering patients to recognise potential complications and seek medical 

attention.  

 

6.4c Elevated Intraocular Pressure 

Studies suggest that following penetrating keratoplasty in eyes with concomitant glaucoma 

there is a higher rate of graft failure than in eyes without glaucoma.197,446,452,610 Interestingly, 

within the Australian Corneal Graft Registry, glaucoma was the main reason indicated for 

failure in 8% of failed penetrating keratoplasty eyes.194 Indeed, of the 2,700 eyes in which a 

rise in IOP was recorded following penetrating keratoplasty some 987 (37%) ultimately 

failed.194 In a large study of 4,000 grafts, Price et al demonstrated that pre-existing use of 

glaucoma medications increased the risk of all three leading causes of graft failure: ocular 

surface disease, immunologic graft rejection, and endothelial failure.565,611 

 

Although the corneal endothelium may tolerate moderate elevations in IOP, Bigar and 

Witner612 demonstrated that acute and greatly elevated IOP result in significant endothelial 

cell loss. Notably, various studies report endothelial cell loss of 10% to 33% after acute 

angle-closure glaucoma (in eyes with normal corneas),453,612 with the amount of cell loss 

correlating with the duration of the IOP increase.612 Animal models corroborate that raised 

IOP increases the rate of endothelial cell attrition. Sverdbergh reported that increased IOP 

could produce pronounced morphological changes to the corneal endothelium in the monkey 

in vitro.613 Charlin and Polack reported graft oedema, distension of cell junctions and cell 

destruction in transplanted rabbit corneas exposed to intraocular pressures of 35mmHg.614 
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Furthermore, there is an increased risk for immune graft reactions in eyes with glaucoma and 

penetrating keratoplasty.557 Chronic use of glaucoma medications containing benzalkonium 

chloride preservative can incite corneal and conjunctival inflammation which can cause 

endothelial damage and provoke immunologic graft reactions.565 Glaucoma drainage implants 

have also been associated with increased endothelial cell loss and a higher incidence of graft 

rejection. Aldave et al reported that among regraft patients, surgical therapy for glaucoma 

increased the risk of rejection when compared to patients without glaucoma.452 McDonnell et 

al also observed a substantial risk of postoperative graft rejection associated with Molteno 

glaucoma drainage implant insertion.615 

 

Incidence  

An increased incidence of elevated IOP/glaucoma is observed following penetrating 

keratoplasty. Irvine and Kaufman first observed this phenomenon in 1969 noting IOP 

≥25mmHg in 37% of phakic, and 88% in aphakic, eyes in the immediate post-keratoplasty 

period.616 The incidence of post-keratoplasty elevations in IOP ranges from 9% to 31% 559,617-

619 in the early postoperative period, and from 18% to 35% in the later postoperative 

period.455,617,619 In the current study, 336 eyes experienced raised IOP following keratoplasty: 

303 (36.3%) penetrating, 21 (28.8%) deep anterior lamellar, 10 (35.7%) endothelial 

keratoplasty eyes, and 2 “other” grafts. 

An increased rate of post-keratoplasty glaucoma is observed in eyes with aphakic and 

pseudophakic bullous keratopathy compared with eyes with Fuchs endothelial corneal 

dystrophy.  Using a mathematical model, Olson and Kaufman proposed that the high 

incidence of glaucoma in aphakic keratoplasty arises as a result of angle distortion secondary 

to a roll of excess compressed tissue in the angle.620 Trabecular meshwork function is 

compromised by oedema, inflammation and distortion.620 Angle distortion is thought to be 

exacerbated by tight suturing, long bites, smaller recipient corneal diameter and increased 

peripheral corneal thickness.453 Conversely, factors that tend to alleviate angle distortion 

include less-tight wounds, over-size donor buttons, thinner recipient corneas and larger 

overall corneal diameter.453  

Alternatively, Zimmerman et al suggested that loss of fixation normally afforded by the 

ciliary body-lens support system allows for mechanical collapse of the trabecular meshwork 

in aphakic grafts.491 They postulated that the trabecular meshwork is dependent on posterior 

support from the ciliary body-crystalline lens system, and anterior support provided by 
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Descemet’s membrane. In the setting of aphakic keratoplasty, both the anterior and posterior 

support are relaxed leading to partial trabecular collapse.454 Supporting this theory, 

Zimmerman et al demonstrated that mid-stromal suture bites were associated with a 37% 

reduction in outflow facility, whereas no such alteration was observed with full-thickness 

sutures that approximated Descemet’s membrane.491  

 

 

 

Figure 6.4f Slit lamp photograph of an eye with a full thickness corneal graft and a Molteno 

glaucoma drainage tube (image courtesy of Prof CNJ McGhee) 

 

In a study of 502 corneal transplant eyes, Foulks reported that 18% of all eyes developed 

postoperative glaucoma; 39% in aphakic eyes, 8% in eyes with no history of glaucoma, and 

80% in eyes with pre-existing glaucoma.617 In a large series of 1,122 eyes, Kirkness and 

Ficker621 reported rates of postoperative glaucoma of 1% in eyes with keratoconus, 3% in 

eyes with corneal dystrophy compared to 29% in eyes with bullous keratopathy. Similarly, in 

a series of 394 eyes, Ing197 et al reported an overall 21% rate of postoperative glaucoma; 1% 

in eyes with keratoconus and 44% in eyes with pseudophakic bullous keratopathy. 

 

In the current study, an increased rate of post-keratoplasty elevation of IOP was observed in 

eyes with bullous keratopathy (43.1%), corneal ulceration (55.6%), viral keratitis (50%) and 

trauma (50%) compared with eyes with corneal endothelial dystrophy (34.1%) and 

keratoconus (27%). There was a non-statistically significant trend towards an increased risk 

of postoperative elevation of IOP in eyes with corneal ulceration, viral keratitis and trauma (p 

= 0.08). 
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The relatively lower incidence of post-keratoplasty elevation of IOP observed in eyes with 

corneal dystrophy and keratoconus compared with other indications is consistent with the 

international literature. However, the actual rates of post-keratoplasty elevation of IOP in 

keratoconus (27%) and corneal endothelial dystrophy (34.1%) observed in the current study 

are markedly higher that those reported elsewhere.197,621  Differences in inclusion and 

exclusion criteria may account for part of this discrepancy. For instance, Kirkness and Ficker 

excluded steroid responders from the study621 and Goldberg et al455 defined elevated 

intraocular pressure as being 25mmHg or higher. However, if our criterion for elevated 

intraocular pressure is increased to 25mmHg, the current study still shows a higher incidence 

(24.3%) of intraocular pressure elevation in post-keratoplasty in eyes with keratoconus. 

 

The results of the current study are consistent with another Auckland-based study which 

reported a high incidence (35%) of presumed steroid-related IOP elevation in keratoconus 

following uncomplicated penetrating keratoplasty.556 As this study excluded co-morbid 

conditions as possible confounders and concentrated on subjects with keratoconus in 

isolation, the authors postulated that the most likely mechanisms for raised intraocular 

pressure in these subjects were penetrating keratoplasty per se, or the intraocular pressure 

response to corticosteroids.556   

 

The phenomenon of corticosteroid-induced ocular hypertension is incompletely understood. 

Most evidence suggests that corticosteroid-induced IOP hypertension is caused by reduced 

aqueous fluid outflow through the trabecular meshwork in susceptible individuals.622 In the 

general population, 4-6% will experience significant and potentially damaging elevations in 

IOP subsequent to topical corticosteroid administration.258 Certain groups are considered to 

be at higher risk of developing corticosteroid-induced ocular hypertension. Purported risk 

factors include a history of glaucoma or glaucoma suspect, older age, and previous steroid 

response.258  

 

Risk Factors 

 

The pathogenesis of raised IOP following keratoplasty is thought to be multifactorial. 

Proposed mechanisms include distortion of the corneoscleral angle with collapse of the 

trabecular meshwork, surgical technique, and the formation of peripheral anterior 
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synechiae.453 In addition, eyes may be subject to the more customary causes of postoperative 

glaucoma such as postoperative inflammation, use of viscoelastic substances, and steroid-

induced glaucoma.453 The use of steroids is often a double-edged sword.454 It is used to 

prevent the sequelae of severe ocular inflammation and to prevent graft rejection, but may 

lead to steroid response glaucoma in susceptible patients.455  

 

In the literature, a number of risk factors for the development of increased IOP following 

keratoplasty have been identified including; pre-existing glaucoma, the presence of peripheral 

anterior synechiae, previous penetrating keratoplasty, history of trauma, combined 

penetrating keratoplasty and cataract extraction, perforated corneal ulcer, and aphakic bullous 

keratopathy.453,454,557,558 

 

As demonstrated by multiple other studies, a history of raised IOP is significantly associated 

with the development of elevated IOP post-keratoplasty.557,558 Our data strongly support these 

studies. It is therefore imperative that patients with a history of raised IOP should be closely 

monitored and treated to prevent long term sequelae of elevated IOP. 

  

Patients of Maori and Pacific ethnicity were less likely to develop postoperative elevation in 

IOP compared with ‘other’ ethic groups (p=0.009). These observations are consistent with a 

previous New Zealand based study556 that observed that Caucasian subjects of European 

origin were much more likely to develop postoperative IOP elevation compared with Maori 

and Pacific peoples. Interestingly, the authors of that study commented that they were 

surprised by this observation as “one might assume that ethnicities unique to New Zealand 

might account, at least in part, for the significantly higher incidence of IOP elevation in this 

study compared with the established studies.”556  However, the influence of ethnicity on 

postoperative IOP elevation may be compounded by the association of appointment non-

adherence and ethnicity.  In the current study, Maori and Pacific Island ethnicities have been 

shown to have poorer attendance compared with European and Indian ethnic groups (see 

Chapter 10).  Elevations in IOP are likely to be under-diagnosed where attendance is an issue. 

Similarly, patients who fail to attend follow up appointments may not have access to ongoing 

prescriptions for topical corticosteroids. Thus patients with poor attendance or compliance 

may therefore, albeit inadvertently, avoid steroid response glaucoma. 
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6.5 CONCLUSIONS 

 

The early recognition of adverse events and complications is extremely important for the long 

term survival of the corneal transplant. Preoperative counselling for keratoplasty should 

include a discussion of intra-operative risks and the symptoms and signs of postoperative 

complications - with emphasis on the importance of prompt intervention.  

Overall, intraoperative complications or surgical difficulty were relatively common and 

occurred in 13.4% of penetrating keratoplasty procedures, 2.7% of deep anterior lamellar 

keratoplasty procedures, and in 11.1% of endothelial keratoplasty procedures. The most 

common intraoperative complication was positive vitreous pressure which affected 6.8% of 

penetrating keratoplasty procedures, and 6.3% of all corneal transplant procedures. There 

were six cases of intraoperative suprachoroidal haemorrhage and fortunately none of these 

were associated with loss of intraocular contents.  

Although the vast majority of these complications were unlikely to significantly affect the 

long term success of the transplant procedures or the final visual acuity, a small number 

contributed to poorer long-term outcomes. Significant vision threatening complications such 

as intraocular bleeding, or cataract surgery related complications such as zonular damage or 

posterior capsule rupture represented approximately 2.1% of cases.  Intraoperative 

complications or difficulties have been poorly reported in the literature and the relatively high 

incidence in this study may reflect a) that all surgical notes were detailed and carefully 

reviewed and b) all difficulties, regardless of how minor, that were documented in the 

surgical notes were recorded.    

The most common postoperative complication, as documented in a number of similar studies, 

was that of loose or broken sutures (30%) followed by dry eye (15.9%). The continuous 

suture form was least likely to develop loose or broken sutures and older patients were less 

likely to develop loose or broken sutures compared with younger patients. Other common 

postoperative complications included epithelial defects (9.8%), wound dehiscence (3.4%) and 

microbial keratitis (3.2%). 

A compromised graft host junction resulting in wound leak, wound dehiscence, or antero-

posterior slippage of the graft host junction may occur spontaneously or in the context of 

trauma, removal of corneal graft sutures or inflammation. In the current study, some form of 

non-traumatic graft host junction compromise occurred in the post-operative period in 9.4% 

of PKP eyes.  Of these, 51 (5.6% of PKP eyes) required resuturing of the graft host junction. 
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The rate of wound dehiscence with and without wound leak following suture removal in our 

study (3.2%) is similar to the previously reported rates. Traumatic graft rupture occurred in 

1.8% of PKP eyes and was associated with a poor prognosis. Corneal graft failure 

subsequently developed in 9 (60%) eyes following traumatic graft rupture with 2 eyes 

eventually becoming phthisical.  

In the present study, the rate of microbial keratitis in PKP eyes following corneal 

transplantation (3.2%) was on the lower end of reported incidence rates from studies in 

developed countries (1.5% to 11.6%194,595-598). In keeping with other studies, microbial 

keratitis was associated with a poor prognosis with transplant failure subsequently developing 

in over half of these eyes. Corneal perforation developed in two eyes and one eye required 

enucleation. The interval from keratoplasty to onset of microbial keratitis ranged from as 

little as 5 days to 102 months. A causative microorganism was identified on corneal scrape in 

46.7% of eyes. In the current study, 6 (0.64 %) eyes developed endophthalmitis post-

keratoplasty and only two of these eyes subsequently developed graft failure. 

Raised intraocular pressure post-operatively was very common and recorded in 36.6% of 

penetrating keratoplasty, 28.8% of deep anterior lamellar keratoplasty, and 35.7% of 

endothelial keratoplasty cases. An increased rate of post-keratoplasty glaucoma was observed 

in eyes with bullous keratopathy (43.1%), corneal ulceration (55.6%), viral keratitis (50%) 

and trauma (50%) compared with eyes with corneal endothelial dystrophy (34.1%) and 

keratoconus (27%). Identified risk factors for the development of raised IOP post-

keratoplasty were prior history of raised intraocular pressure and male gender. Notably, 

Maori and Pacific ethnicities were less likely to develop elevated IOP compared with ‘other’ 

ethnicities.  

 

Ultimately, raised IOP was the second leading association of corneal graft failure. Transplant 

failure due to allograft rejection is covered elsewhere in this thesis (Chapter 7). 

 

PKP/DALK/DSAEK all have their associated complications. This comprehensive study 

highlights a combination of significant and minor complications which are more common 

than perhaps generally believed. Nonetheless contemporary interventions are such that the 

majority do well and only a minority are likely to be sight threatening. These data provide not 

only a relatively exhaustive catalogue of adverse events but also a reference which can be 

considered in the consent of patents.  
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Chapter 7 

 

Corneal Graft Rejection 
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INTRODUCTION 

Corneal graft rejection is a major postoperative complication following penetrating 

keratoplasty and is well-established as the single most important cause of graft failure in the 

intermediate and late postoperative period.92,199,203-205,207,235,236,240,359,623 It represents the 

culmination of a three step immunological reaction involving initiation of the immune 

cascade, development of host sensitisation and deployment of the specific immune 

response.624  

The process of corneal graft rejection is characterised by one of the following features:199 a) 

development of an epithelial, stromal or endothelial rejection line, b) new onset of a unilateral 

anterior chamber response in the presence of keratic precipitates, c) increased corneal oedema 

with visible aqueous cells in the context of a previously clear graft. 

Identification, and modification wherever possible, of risk factors that influence graft 

rejection is essential to improving graft survival. In the literature, several factors have been 

shown to increase the risk of graft rejection including corneal neovascularisation and 

previous corneal transplant. However, wide discrepancies between studies are apparent.  

The research reported in this chapter aimed to identify the rate of corneal graft rejection in 

patients undergoing corneal transplantation in the Auckland region, and to identify risk 

factors for corneal graft rejection. 

7.1 CORNEAL GRAFT REJECTION 

Results 

Incidence 

Overall, 281 (29.8%) eyes experienced at least one episode of graft rejection; 271 (32.5%) 

penetrating keratoplasty (PKP), 7 (8.2%) deep anterior lamellar keratoplasty (DALK), 2 

(7.1%) Descemet’s stripping endothelial keratoplasty (DSEK), and 2 (33.3%) structural graft, 

procedures.  

Amongst PKP eyes, the interval from transplantation to graft rejection ranged from 3 days to 

117 months (mean 17.8 months). The first episode of graft rejection occurred within the first 

postoperative year in 137 PKP eyes (50.6%), and within the second postoperative year in 209 

(77.1%). During the follow up period, 177 PKP eyes experienced a single episode of graft 

rejection and 53, 29 and 9 PKP eyes experienced two, three and four episodes of rejection, 
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respectively. Five PKP eyes experienced more than 4 episodes of graft rejection, with one eye 

developing 10 distinct episodes of rejection. Details of the PKP eyes which developed graft 

rejection are provided in Table 7.1a. 

Indication for corneal 

transplant 

Total number of 

procedures  

Allograft rejection 

(Number of Eyes) 

Percentage 

Keratoconus 345 119 34.5 

Bullous Keratopathy 65 24 36.9 

Corneal Dystrophy 91 23 25.3 

Corneal Ulceration 45 19 42.2 

Viral Keratitis 22 5 22.7 

Trauma 44 11 25.0 

Regraft 192 63 32.8 

Other 30 7 23.3 

TOTAL 834 271 32.5 

 

Table 7.1a Number of penetrating keratoplasty eyes developing at least one episode of graft 

rejection by indication in the Auckland region for the decade 2000-2009, (n=834 eyes) 

 

Analysis of Risk Factors for Corneal Graft Rejection at 2 Years 

Following the exclusion of multiple transplant events, there were 777 penetrating 

keratoplasty eyes for analysis. There was evidence of an association of the size of the donor 

button and corneal graft rejection at 2 years. Ethnicity was also shown to independently 

influence corneal graft rejection. Details of odds ratios and confidence intervals of all 

variables are provided in Table 7.1b. 
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Variables Odds ratio 
95% Confidence Interval 

P value 
Lower bound Upper bound 

Gender: male vs. female 1.09 0.76 1.56 0.66 

Age 0.99 0.98 1.01 0.19 

Preoperative BCVA 1.01 0.96 1.06 0.69 

Quadrants of NV 1.17 0.99 1.39 0.07 

Size of donor button 1.69 1.18 2.41 0.004 

Ethnicity (vs. other) 

European 0.25 0.11 0.53 

0.006 
Maori 0.36 0.15 0.88 

Pacific 0.42 0.18 0.96 

Indian 0.32 0.11 0.90 

Indication(vs. other) 

Keratoconus  0.79 0.30 2.04 

0.63 

 Bullous keratopathy  1.88 0.63 5.61 

Corneal dystrophy  1.13 0.39 3.31 

Corneal ulceration  0.93 0.31 2.79 

Viral keratitis  0.85 0.20 3.54 

Trauma  0.66 0.20 2.20 

Regraft  0.81 0.30 2.21 

No previous intraocular surgery 1.34 0.70 2.54 0.38 

No previous contralateral graft 0.97 0.63 1.48 0.88 

Atopy 0.79 0.53 1.19 0.25 

No previous history of raised IOP 1.31 0.66 2.60 0.43 

IOP, intraocular pressure; BCVA, best corrected visual acuity; NV, neovascularisation; CI 

confidence interval 

 

Table 7.1b Multivariate analysis of risk factors for corneal graft rejection at 2 years including 

odds ratios and confidence intervals of all variables for penetrating keratoplasty in the 

Auckland region for the decade 2000-2009, (n=777 eyes, excludes repeat procedures during 

the study period) 

 

Treatment 

The most commonly employed treatment to reverse immunological rejection was intensive 

topical corticosteroids only (160 eyes), followed by intensive topical corticosteroids and 



239 
 

intravenous pulse methylprednisolone (94 eyes), and intensive topical corticosteroid and high 

dose oral prednisone (13 eyes). Table 7.1c outlines the treatment methods employed to 

reverse graft rejection episodes.  

 

Treatments used to reverse immunological rejection Number of eyes 

Intensive topical corticosteroid only 160 

Intensive topical corticosteroid + high dose oral prednisone 13 

Intensive topical corticosteroid + intravenous pulse methylprednisolone 94 

Intravenous pulse methylprednisolone only 1 

Intensive topical corticosteroid + topical cyclosporine A 1 

Conservative (chronic failure) 1 

Unknown 1 

 

Table 7.1c Treatments measures used to reverse immunological rejection in penetrating 

keratoplasty eyes in the Auckland region for the decade 2000-2009, (n=834 eyes) 

 

Outcomes 

Rejection episodes typically responded well to treatment, with the majority (83%) regaining 

corneal graft transparency. Overall, irreversible rejection with subsequent graft failure 

occurred in 15.5% of eyes. Unfortunately, the final outcome of four patients with graft 

rejection is unknown as these patients did not return for follow up.  

Corneal graft rejection was the leading cause of failed penetrating keratoplasty (35.1%) in the 

current study. 
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Figure 7.1a. Three illustrative 

cases of allograft rejection 

from the current study.  

Upper image: demonstrates an 

epithelial rejection line and fine 

cellular endothelial deposits 

following PKP for keratoconus. 

Rejection responded to oral and 

intensive topical corticosteroid.  

Middle image: sub-epithelial 

infiltrates and endothelial 

keratic precipitates in a 

relatively low-grade rejection 

involving both stroma and 

endothelium following PKP for 

keratoconus. This case 

responded quickly to intensive 

topical corticosteroid.  

Bottom image: severe 

endothelial rejection with 

marked circum-corneal 

injection,  pronounced keratic 

precipitates and severe corneal 

oedema in a PKP for severe 

microbial keratitis. Despite 

severity the rejection responded 

to IV methylprednisolone and 

intensive topical corticosteroids 

with BCVA of 6/12 at 5 years. 
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7.2 DISCUSSION 

Incidence 

The risk of immunological graft rejection after corneal transplantation is lower than other 

forms of organ transplantation.199 The low incidence of graft rejection in keratoplasty is 

particularly remarkable given that human leucocyte antigen (HLA)-matching is not routinely 

performed.199 This is partly attributable to the immune privileged status of the eye which is 

maintained by multiple mechanisms including: the naturally avascular corneal anatomy, the 

immunosuppressive ocular microenvironment and the phenomenon of anterior chamber-

associated immune deviation.242 Figure 7.2a shows a penetrating keratoplasty undergoing a 

severe, diffuse endothelial rejection. 

 

 

 

 

 

 

 

 

 

 

Figure 7.2a Slit lamp photograph of an eye with a profound corneal graft rejection. There is 

diffuse corneal oedema from endothelial rejection which is obscuring details of the anterior 

chamber. Note the presence of 360 degrees of pre-existing corneal neovascularisaiton. 

 

The reported rate of rejection episodes varies widely between studies; ranging from as little 

as 2.3% to 68%.625 In the current study, 281 (29.8%) eyes experienced at least one episode of 

graft rejection. This occurred in 271 (32.5%) of PKP, 7 (8.2%) of DALK, 2 (7.1%) of DSEK, 

and 2 (33.3%) of eyes with structural grafts. The greatest risk period for rejection is in the 

first 1 to 3 years after transplantation,197,204,242,626 but rejection can occur as late as 35 years 

after penetrating keratoplasty.201  Amongst PKP eyes in the present study, the interval from 

transplantation to graft rejection ranged considerably from 3 days to 10 years following 

surgery, with a mean interval of 17.8 months. Approximately half of the initial graft rejection 



242 
 

episodes occurred within the first postoperative year, and approximately three-quarters 

occurred within the second postoperative year.  

The rates of corneal graft rejection observed in the current study were comparable with other 

large studies.187,194 In particular, the results are very similar to those described in the 

Australian Corneal Graft Registry with respect to both the rate of corneal graft rejection, and 

the timing of rejection episodes. 

The Australian Corneal Graft Registry was established in 1985 and contains records of over 

20,000 penetrating corneal grafts. The reported rate of graft rejection is 33%, and rejection 

was identified as the leading cause (31%) of graft failure. 194 Rejection was also found to be 

an independent predictor of decreased graft survival.194,359  

The Cornea Donor Study, which encompasses analyses performed on 1,090 subjects 

undergoing corneal transplantation for a moderate risk condition (principally Fuchs dystrophy 

or pseudophakic corneal oedema), reported an incidence of graft rejection of 23%.242 The 5-

year predicted probability of a “probable to definite” rejection was 26% ± 3%. Notably, the 

majority of rejection events occurred within the first 2 years postoperatively.  

The Corneal Transplant Follow up Study performed a multifactorial analysis of 2,777 grafts 

registered by the United Kingdom Transplant Support Service from July 1987 to June 

1991.240 Rejection free survival was 86% at 12 months, and the hazard of first rejection 

remained high for 150 days before decreasing. The Collaborative Corneal Transplantation 

Studies241 were designed to evaluate the effects of donor-recipient histocompatibility 

matching and cross matching on the survival of corneal transplants in high-risk patients. The 

estimated failure from rejection by 3 years was 30% in the ABO-incompatible group and 

16% in the ABO-compatible group.  

Of the 468 eyes examined in the Corneal Graft Outcome Study, 126 (26.9%) developed one 

or more rejection episodes.187 Rejection episodes were associated with a relative risk (RR) of 

1.62 for graft failure. Price et al reported on a series of 1,819 penetrating keratoplasties 

performed from August 1982 through August 1990; endothelial failure as a result of 

immunologic allograft reactions was the most common cause of graft failure (27%).627 

Immunologic rejections caused 35% of graft failures in regrafted eyes and 26% in 

vascularised corneas.  
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The Singapore Corneal Transplant Study encompassed 901 consecutive penetrating 

keratoplasty procedures performed between January 1991 and November 2006 in patients 

from Southeast Asia.391 The most common cause of graft failure within this study was 

immunologic rejection (29.2%), followed by late endothelial failure (21.4%). Corneal graft 

rejection was identified as a significant predictor of graft failure in the combined regression 

model. In a New Zealand National Eye Bank Study (1994-2003) analysing penetrating 

keratoplasty outcomes, the leading cause of PKP failure was irreversible rejection (7%), and 

reversible rejection was identified as an independent risk factor for decreased PKP survival. 

Risk Factors 

In the current study only two risk factors were identified as having a statistically significant 

influence on corneal graft rejection; ethnicity and size of the donor button. In the 

international literature, a variety of factors influencing graft rejection have been proposed. 

However, considerable variation exists between studies. An outline of previous studies which 

have examined the risk factors for corneal graft rejection is provided in Appendix 7.2a. 

Risk factors for corneal graft rejection can be conceptualised as donor, host, intraoperative, 

and postoperative factors. 

Donor Factors 

 

Donor factors responsible for graft rejection primarily correlate with the antigenic load of the 

donor, and are contingent upon the human leukocyte antigen (HLA) and ABO compatibility 

between the donor and host.199 Other donor factors thought to influence graft rejection 

include the method and duration of storage of the donor cornea and nature of donor button 

cutting.199  

 

Laboratory data suggest that histocompatibility antigen expression is greater on corneas of 

younger individuals when compared with older individuals.628 This has given rise to the 

hypothesis that corneal tissue from younger donors might be more likely to reject than that 

from older donors.242 However, evidence supporting this hypothesis is conflicting. Palay et al 

reported a greater likelihood of allograft rejection when younger donor tissue was 

transplanted into adult recipients using a case-control experimental design.629 Conversely, the 

Cornea Donor Study (CDS) did not find an association between donor age graft rejection. 

The authors postulated that the failure of the CDS to confirm the greater likelihood of 
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rejection of younger donor tissue may be attributable to their exclusion of very young 

donors.242 Donors included in the study by Palay et al629 were younger than 6 years, whereas 

only corneas from donors aged 10 years and older were used in the CDS.242 Interestingly, 

Palay et al did not identify any difference in the incidence of graft failure due to rejection 

between adult eyes undergoing penetrating keratoplasty with young donor corneas compared 

to those undergoing penetrating keratoplasty with older donor corneas.629 

 

The Collaborative Corneal Transplantation Studies (CCTS) were designed to evaluate the 

effect of donor-recipient histocompatibility matching and cross matching on corneal graft 

survival in high-risk patients.241 The positive group in the Cross match study had fewer graft 

failures, rejection failures, and rejection episodes than the negative group; however these 

differences were not statistically significant. The authors proposed that the lack of effect may 

be due to aggressive immunosuppression.241 Although the CCTS241 did suggest that ABO 

blood group matching may be effective in reducing graft failure, this finding was not 

confirmed by the Cornea Donor Study.242 

 

The Corneal Transplant Follow up Study (CTFS) analysed information on grafts performed 

in the United Kingdom from July 1987 to June 1991, and reported an increased risk of 

rejection with poor matching at HLA class I antigens.240 The most controversial finding of 

this study was that grafts mismatched for HLA-DR were less likely to suffer rejection than 

those with no HLA-DR mismatch. The authors postulated that this could be explained 

theoretically by the ‘docking hypotheses’. The docking hypothesis refers to the preferred 

orientation of one molecule to another when bound to each other to form a stable complex. 

While the CTFS confirmed the possible benefits of HLA-A and B matching, the authors 

concluded that the expense and delay involved in tissue matching was unlikely to be 

justified.240 

 

Donor risk factors for corneal graft rejection were not specifically evaluated in the current 

study and no cases were HLA-matched and less than 1% were ABO-matched. However, 

internal review and audit by the New Zealand National Eye Bank has shown no relationship 

between donor age or length of storage and PKP survival (unpublished data). 
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Host Factors 

A number of host factors predisposing to immune graft rejection have been identified 

including ocular inflammation, corneal neovascularisation, previous graft rejection, repeat 

corneal grafts, larger grafts and concurrent ocular surface disease.199  

 

The inflammatory pathologic process erodes the mechanisms of ocular immune privilege and 

significantly decreases the change of achieving engraftment.200 Inflammation increases the 

number of accessory cells in the cornea, and this effect may persist for many years after an 

inflammatory event has subsided.630 Furthermore, MHC class I and class II expression are 

increased in the presence of inflammation.206 Inflammatory cells further enhance the immune 

response through the production of vascular endothelial cell growth factors, resulting corneal 

neovascularization and lymphangiogensis.631 Finally, ocular inflammation undermines micro 

vascular competence thereby disrupting the blood-aqueous barrier and exposing the anterior 

chamber to systemic influences.200,417,632 The access of pro-inflammatory molecules to the 

anterior chamber contributes to the erosion of immune privilege.200 Unsurprisingly, in view 

of foregoing, inflammation is an independent variable associated with corneal graft failure. 

Within the ACGR, PKP cases with no history of inflammation had a mean survival of 16.8 

years.194 By contrast, the mean survival of penetrating grafts placed in a recipient bed that 

had been inflamed at some stage in the past was 10.73 years, and eyes inflamed at the time of 

grafting had a mean survival of 7.74 years. The role of inflammation in corneal graft rejection 

was not specifically assessed in the present study. However, indications for corneal 

transplantation associated with significant inflammation such as corneal ulceration and 

trauma were not found to be independent risk factors for rejection. Nonetheless, corneal 

ulceration and trauma were found to be independent risk factors for corneal graft failure on 

multivariate analysis (see Chapter 8). It is possible that these high risk grafts may have failed 

before the influence of inflammation on rejection could become apparent.   

Neovascularisation of the host cornea is regarded as an important factor predisposing to 

immune graft rejection.199 Aberrant blood vessels undermine ocular immune privilege by 

providing afferent outflow of antigen presenting cells to regional lymphatic tissue, and an 

efferent inflow for immune effector cells to the graft.633 The presence of corneal stromal 

vascularisation is considered more significant than the presence of superficial vessels because 

of the increasing risk of rejection associated with the severity of stromal vascularisation.634 
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Stimuli that induce blood vessel growth such as VEGF-C are also implicated in inducing the 

ingrowth of lymphatic vessels and the infiltration of antigen presenting dendritic cells.199 

A recent meta-analysis of 19 studies comprising 24,944 corneal grafts investigated the 

hypothesis that there is an association between corneal neovascularisation and the risk of 

corneal graft failure and rejection. The authors of this study made four conclusions:445 

 

1) There is a strong association between loss of corneal angiogenic privilege and increased 

risk for graft failure with a pooled hazard ratio of 1.32 (95% CI, 1.15-1.49) 

2) There was evidence of an association between corneal neovascularisation and graft 

rejection after subsequent corneal transplantation with a pooled hazard ratio of 2.07 

(95% CI, 0.98 -3.15) 

3) There was a suggestion that the risk for a graft rejection increases incrementally with an 

increase in the pathologically vascularised corneal areas before keratoplasty 

4) Increasing age and male gender were potential independent risk factors for graft failure, 

but not graft rejection, with corneal neovascularisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2b Slit lamp photograph of an eye with an extremely large diameter (11.0mm) 

corneal graft performed for a perforated corneal ulcer 

 

Surprisingly, the presence of corneal neovascularisation at the time of corneal transplantation 

was not found to be predictive of transplant rejection in the current study. An explanation for 

this anomaly may be that high risk corneas are considered to be those with at least two 
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quadrants of neovascularisation445 and our analysis did not distinguish corneas with only one 

quadrant of neovascularisation from those with more than two. Interestingly, corneal 

neovascularisation at the time of corneal transplantation was associated with a decrease in the 

survival rate at the univariate level but not at the multivariate level (see Chapter 8). This may 

reflect the association between preoperative neovascularisation and the preoperative 

diagnoses with lower survival rates; trauma and corneal ulceration. 

Other known risk factors for immune corneal graft rejection are repeat corneal 

transplantation, prior rejection episodes, larger grafts, the presence of peripheral anterior 

synechiae, history of glaucoma and younger recipient age.199,633  

 

Repeat corneal grafts are associated with a lower chance of survival than the first graft, and 

rejection may develop in up to 40% of patients with two or more previous grafts.633 In 

contrast to other studies,240,635-638 repeat corneal grafts were not associated with an increased 

risk of graft rejection in the present study. A conceivable explanatation for this incongruity 

may be that regrafts received more aggressive immunosuppressive therapy and more regular 

clinical review in anticipation of their increased risk of rejection. 

 

In the current study, larger corneal grafts were associated with an increased risk of rejection. 

The influence of larger donor button size on corneal graft rejection has been established in a 

number of studies, including the Corneal Transplant Follow up study.240,636-638 Larger corneal 

grafts are associated with a poor prognosis, owing to the closer approximation of the donor 

tissue to the increased population of Langerhans cells resident in the peripheral cornea.633 

Furthermore, the larger diameter allows for a greater number of passenger leucocytes from 

the donor. Figure 7.2b shows an eye with a large diameter (11.0mm) corneal graft performed 

for perforated corneal ulcer.  

 

A number of authors have reported a higher risk of graft rejection in eyes with a history of 

glaucoma.452,565,615 Aldave et al demonstrated that a history of glaucoma was associated with 

earlier episodes of graft rejection and an overall higher risk of rejection in patients 

undergoing repeat penetrating keratoplasty. The chronic use of ocular hypertensive 

medication, and surgical therapy for glaucoma have both been identified as risk factors for 

graft rejection.452,565,615 A previous history of raised intraocular pressure was not identified as 

a risk factor for graft rejection in the current study. 
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Certain preoperative diagnoses confer a higher risk for allograft rejection.242,634 Ing et al 

observed a more than twofold difference in the probability of developing a rejection episode 

in patients with a preoperative diagnosis of herpes simplex keratitis compared to patients with 

preoperative diagnoses of keratoconus, pseudophakic and aphakic bullous keratopathy, or 

Fuchs dystrophy.197 Within the Corneal Donor Study, the likelihood of rejection events was 

significantly higher in eyes with pseudophakic or aphakic bullous keratopathy than in those 

with Fuchs dystrophy.242 The indication for corneal transplantation was not found to be 

predictive of rejection in the present study. However, corneal ulceration and trauma were 

associated with an increased risk of corneal graft failure (see Chapter 8). As previously 

mentioned, early transplant failure in high risk indications may have masked the influence of 

these indications on graft rejection. Figure 7.2c illustrates the influence of the indication for 

transplantation on transplant survival. 

 

Figure 7.2c  A crystal clear, healthy, penetrating keratoplasty for keratoconus approximately 

20 years after surgery (left), compared to a failed, opaque, vascularised, penetrating 

keratoplasty for HSV keratitis, 5 years after surgery (right). 

 

The influence of gender on corneal graft rejection is controversial. The Corneal Donor Study 

reported that graft rejections were more frequent in men than women.242 Conversely, Jonas et 

al204 found that male recipients were more likely to have a rejection event than female 

recipients, whereas Küchle et al reported no correlation of gender with rejection episodes.639 

Anshu et al497 reported that female gender was predictive of failure whereas Bachmann et al 

reported the opposite.445 Even though the Corneal Donor Study reported an association with 

gender and rejection, no corresponding association was found between gender and graft 

failure.242 Gender was not found to influence graft rejection in the present study. 



249 
 

 

The association of younger recipient age and corneal graft rejection is also disputed. A 

number of retrospective studies suggest that younger patients exhibit a higher rate of rejection 

episodes.240,635,640 This has been attributed to a more active immune system which may be 

more prone to sensitisation and more capable of mounting an aggressive immune response 

compared with older patients.633 On the other hand, a number of other studies (including the 

present study) did not identify patient age as a risk factor for graft rejection.204,638,639 

 

Postoperative Factors 

 

A number of postoperative events may predispose to graft rejection. These include; exposed 

suture knots, loose sutures, dry ocular surface, epithelial defects, formation of peripheral 

synechiae and corneal vascularisation.199,204 The influence of postoperative events on the risk 

of corneal graft rejection was not assessed in the current study.  

 

7.3 CONCLUSIONS  

The overall rate of corneal graft rejection observed in present study (29.8%) was similar to 

that described in other large studies. The time from transplantation to graft rejection showed 

considerable variation (3 days to10 years) but the majority of primary rejection episodes 

occurred within the first two years. Only two independent risk factors were found to be 

associated with an increased risk of graft rejection in our multivariate analysis; size of the 

donor button and ethnicity. 
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Chapter 8 

 

Corneal Graft Failure 
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INTRODUCTION 

The reported survival rate of penetrating corneal transplants varies between studies. Survival 

rates at 1, 2, 5 and 10 years range from 76.9 to 96.7%, 68.7 to 94%, 63.7 to 90%, and 46.5 to 

82%, respectively.187,191-194,240,248,275,359,391,397,447,532,635,641 The 15 and 20 year survival of 

penetrating corneal transplants within the Australian Corneal Graft Register are 46%, and 

26%, respectively.194 

As previously noted, identification of possible risk factors influencing graft survival is 

essential to optimising patient selection criteria and counselling, and enchancing post-

operative graft management strategies.275  Several factors have been shown to increase the 

risk of graft failure, and these can be divided into recpient, donor, and postoperative factors. 

Discrepancies between studies are apparent and may arise secondary to differences in study 

design, data collection methods, and diagnostic criteria, and because of ethnic and geographic 

variations, inclusion criteria, and postoperative immunosuppression regimens.642 Moreover, it 

is important to consider that multiple factors can potentially have an effect on graft survival. 

This chapter reports analyses aimed to determine the two year survival rate of penetrating 

corneal transplants and the risk factors for corneal graft failure in the Auckland region. 

 

8.1 CORNEAL GRAFT FAILURE 

Results 

Graft failure was defined as irreversible loss of optical clarity, or a repeat graft for any 

reason. The date of graft failure (as recorded by the surgeon in the cases notes) was selected 

as the time point of graft failure. Graft failure analysis focused on penetrating keratoplasty 

procedures only, consisting of 833 consecutive cases performed over a ten year period. To 

allow accurate statistical analysis, only 1 graft per eye per patient was included, leaving a 

total of 777 grafts for analysis. Therefore for eyes that underwent multiple transplants within 

the study period, only the first graft was selected for the analysis. 

Causes of Graft Failure 

Allograft rejection (35.1%) was identified as the leading cause of corneal graft failure 

(Chapter 7), followed by raised intraocular pressure (13%), and infections (9.1%) (Chapter 

6). Endothelial failure accounted for 9.1% of PKP failure. Trauma and retinal detachment 

were the reason for 5.2% of graft failures, respectively. Seven patients (9.1%) represented 
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after a prolonged period of nonattendance with established graft failure. The precise cause of 

graft failure was unknown in these patients. There was a single case of primary graft failure. 

The reported causes of graft failure at two-years are outlined in Table 8.1a. 

 

Reasons for Graft Failure at 2 Years Number of Grafts (n=77) % of Failed Grafts 

Rejection 27 35.1 

Raised intraocular pressure 10 13.0 

Infections 9 11.7 

Endothelial cell failure 7 9.1 

Noncompliance - cause unclear 7 9.1 

Trauma 4 5.2 

Retinal detachments 4 5.2 

Other 9 11.7 

 

Table 8.1a Details of the causes of graft failure at two-years of 77 failed penetrating grafts in 

the Auckland region for the decade 2000-2009, (n=777 eyes with penetrtaing keratoplasty) 

 

Survival Rates 

Indication for corneal transplant 

No of cases 

performed 

Two Year Survival 

No. of Grafts Percentage 

Keratoconus 271 259 95.6 

Bullous Keratopathy 47 38 80.9 

Corneal Dystrophy 73 69 94.5 

Corneal Ulceration 39 24 61.5 

Viral Keratitis 18 16 88.9 

Trauma 30 19 63.3 

Regraft 127 111 87.4 

Other 30 22 73.3 

Total 635 558 87.8 

 

Table 8.1b Two year survival of penetrating keratoplasty procedures by indication in the 

Auckland region for the decade 2000-2009, (n=635 eyes) 



253 
 

Two year follow up information was available for 635 grafts. There were 60 patients (7.7%) 

who did not return for follow up, 56 patients (7.2%) who were followed up in another 

treatment centre, 17 patients (2.2%) who died during the follow up period, and 9 patients 

(1.2%) who were discharged prior to two years. The overall 2-year survival rate was 87.9% 

(n=558).  Details of the two year survival by indication are provided in Table 8.1b. 

There was a significant difference in length of survival for the different indications for 

transplant (p<.0001). There was also a significant effect of recipient age prior to penetrating 

keratoplasty (p=0.0004) (older less likely to fail) and BCVA (p<.0001) (higher less likely to 

fail). An adverse effect of previous contralateral graft could not be identified (p=.18). The 

Cox Proportional Hazards Regression analysis is provided in Figure 8.1a. 

Analysis of Risk Factors for Corneal Graft Failure at 2 Years 

Baseline Variables 

There was statistical support for an association of indication (p=.002), preoperative best 

correct visual acuity (p=.01), previous contralateral graft (p=.02), age (p=.05) and possibly 

quadrants of neovascularisation. (p=.07) with transplant outcome. Therefore, these variables 

were included along with the intra and post-operative explanatory variables in further 

analyses.  

There was evidence of an association of age (older less likely to fail), preoperative best 

corrected visual acuity (poorer vision more likely to fail,) number of rejection episodes (more 

likely to fail with increasing numbers), indications (corneal ulceration and trauma more likely 

to fail, keratoconus less likely to fail), previous contralateral graft (present more likely to fail) 

and episodes of loose sutures (present more likely to fail). Details of odds ratios and 

confidence intervals of all these variables are provided in Table 8.1c. 
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Figure 8.1a Cox proportional hazards regression showing the influence of indication on corneal graft survival
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All Variables 

Variable 
Odds 

Ratio 

95% Confidence Interval 
P 

value Lower 

bound 

Upper 

bound 

Age 0.97 0.95 0.006 0.006 

Preoperative Best Corrected Visual Acuity 1.16 1.06 0.0004 0.002 

Quadrants of Neovascularisation 1.20 0.92 0.002 0.17 

Trephine size 0.88 0.54 0.17 0.62 

Donor-host Button Size Disparity 3.04 0.35 0.03 0.31 

Episodes of Raised Intraocular Pressure 0.98 0.74 0.62 0.89 

Episodes of Allograft Rejection 1.65 1.17 0.31 0.004 

Appointment Compliance 1.38 0.78 0.90 0.27 

Additional Procedures: yes vs. no 0.70 0.35 1.41 0.32 

Intraop. Positive Vitreous Pressure: Yes vs No 0.89 0.30 2.68 0.84 

Postop Epithelial Defect: yes vs. no 0.53 0.20 1.39 0.19 

Postop episodes of loose sutures: yes vs. no 3.75 1.74 8.09 0.0008 

Previous Contralateral Graft: yes vs. no 2.72 1.08 6.86 0.04 

Indication (vs. other) 

Keratoconus  0.14 0.04 0.32 

0.0004 

 Bullous keratopathy  0.80 0.21 0.84 

Corneal dystrophy  0.65 0.13 0.19 

Corneal ulceration  1.95 0.53 0.89 

Viral keratitis  0.47 0.07 0.004 

Trauma  2.47 0.62 0.0008 

Regraft  0.51 0.15 0.27 

Suture Type (vs. mixed) 

Interrupted 1.20 0.52 2.77 
0.90 

Continuous 1.15 0.41 3.24 

 

Table 8.1c Multivariate analysis of risk factors for corneal graft failure at 2 years including 

odds ratios and confidence intervals of all variables for penetrating grafts in the Auckland 

region for the decade 2000-2009, (n=777 eyes) 
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8.2 DISCUSSION 

Corneal transplantation is one of the most successful and frequently performed forms of 

organ transplantation. However, transplant failure remains an important problem despite 

advances in corneal preservation, surgical technique, and ocular immunosuppressive, 

antihypertensive and antibiotic therapy.188 Graft survival rates inform both patient and 

physician of the likelihood of success, and moreover the likely duration of a successful 

outcome. An understanding of potential risk factors for graft failure allows the physician to 

counsel the patient of their prognosis and to plan immunosuppression therapy.  

Several processes may culminate in corneal graft failure including primary endothelial 

decompensation, immune graft rejection, endothelial cell attrition, surface disorders, infection 

and recurrence of original disease. Furthermore, even in the setting of a thin transparent graft, 

patients may experience significant visual disability secondary to ametropia and astigmatism. 

Reason for Corneal Graft Failure 

 

Figure 8.2a Corneal graft failure secondary to extensive central corneal stromal scarring 

from pseudomonas microbial keratitis 

Allograft rejection (35.1%) was identified as the leading cause of corneal graft failure, 

followed by raised intraocular pressure (13%), and infections (9.1%). These results are 

consistent with other reports; the majority of studies have identified allograft rejection as the 

leading190-192,194,198 or second leading cause of graft failure.193  A summary of the reasons for 

corneal graft failure reported in the literature is provided in Table 8.2a. Figure 8.2a shows an 

eye with corneal graft failure secondary to extensive scarring from pseudomonas microbial 

keratitis. 
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Authors 

No.  

Grafts 

No.  

Failed 

Reason For Graft Failure % 

PGF EF REJ CYL INF IOP TRA OT 

Williams359  14,622 3,794 4 15 31 2 10.5 8 2 25.5 

Fasolo193 998 107 5.6 49.5 17.8 - 8.4 4.7 3.7 10.3 

Rahman397   203 36 - 25 44 - 17 11 - 3 

Thompson 275 3,992 385 - 29.1 26.8 3.4 - 3.6 - 19.4 

Patel192   1,629 200 8.5 - 57 - - 4.5 5.5 24.5 

Tan391 1,130 295 - 21.4 29.2 - 11.9 11.5 - 26.1 

Yorstonl198 216 47 12.8 14.9 24.4 - 27.7 - - 24.4 

PGF= primary graft failure, EF = endothelial failure; REJ = rejection, CYL = astigmatism, INF = 

infection,  IOP = raised intraocular pressure, TRA = trauma, OT = other 

 

Table 8.2a Reasons for corneal graft failure reported in the literature 

 

Survival Rates of Corneal Transplants 

The overall 2-year survival rate (87.9%) identified in this study was comparable to that of 

other survival rates reported in the literature; 68.7 to 94%.187,193,447 The reported survival rate 

of penetrating corneal transplants varies between studies. As previously noted, survival rates 

tend to decrease over time and at 1, 2, 5 and 10 years these range from 76.9 to 96.7%, 68.7 to 

94%, 63.7 to 90%, and 46.5 to 82%, respectively.187,191-194,240,248,275,391,397,447,532,635,641  The 15 

and 20 year survival of penetrating corneal transplants within the Australian Corneal Graft 

Register are 46%, and 26%, respectively.194 A more detailed outline of the observed survival 

rates reported in various studies is provided in Table 8.2b. The two year time point was 

selected in this study as most corneal transplant patients are discharged from regular follow 

up in the New Zealand public health care system at this time. This time point although 

relatively early allowed for a more comprehensive data collection than a later time point. 

A number of factors may account for the observed differences in survival rates including; 

demographic variations, and differences in graft indications, postoperative treatment and 

diagnostic criteria. Although graft failure is defined as a visually significant loss of optical 
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clarity, in practice this definition may be interpreted in different ways. Some studies 359,391,643 

define graft failure as the loss of optical clarity in isolation, whereas other studies187,275,644 

specify the loss of optical clarity in terms of variably defined effect on vision.642 Moreover, 

the gradual loss of optical clarity associated with late endothelial failure could give an 

uncertain end point.642 Furthermore, loss of optical clarity does not always convey failure, 

depending on the broad indication (optical, therapeutic, or tectonic) for transplantation.642 

Conversely, an optically clear graft may not achieve visual rehabilitation in the context of 

significant refractive error - particularly regular and irregular astigmatism. 

Authors / Study 
Number of 

transplants 

Survival Rates % 

 

1 

year 

2 

year 

5 

year 

10 

year 

15 

year 

20 

year 

The Australian Corneal Graft 

Registry , Williams et al 194    
16,291 87 - 73 60 46 26 

Toronto Western Hospital, Sit et 

al 187  
468 - 78.8 64.5 - - - 

Manchester Royal Eye Hospital, 

Rahman et al 397 
203 - - 82 - - - 

The Corneal Transplant Follow 

Up Study, Vail et al 240   
2,777 88 - - - - - 

Corneal Consultants of Indiana, 

Thompson et al 275 
3,992* - - 90 82 - - 

The Singapore Corneal 

Transplant Study, Tan et al 391       
1,130 86.6 - 63.7 52.0 - - 

Corneal Transplant Epidmiology 

Study Fasolo et al193     
998 96 94 83 - - - 

Tokyo University Hospital, 

Inoue et al 248 
271 - - - 79.3 - - 

Sahlgrenska University Hospital, 

Claesson et al 532 
140 - - - 71.0 - - 

L V Prasad Eye Institution, 

Dandona et al 447 
1,389* 76.9 68.7 - 46.5 - - 

 

Table 8.2b Reported survival rates of penetrating corneal transplants (* first grafts only) 
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Comparison with Other Forms of Organ Transplantation 

For comparison, an outline of graft and survival rates for other forms of organ transplantation 

is provided in Table 8.2c. 

Organ Survival Type 5 year survival % 10 year survival % 

Penetrating keratoplasty194 Graft Survival 73.0 60.0 

Kidney: living donor 
Graft Survival 81.4 59.3 

Patient Survival 91.0 77.1 

Kidney: deceased donor 
Graft Survival 69.3 43.3 

Patient Survival 81.9 61.2 

Pancreas 
Graft Survival 51.5 34.7 

Patient Survival 88.7 76.1 

Liver: living donor 
Graft Survival 72.9 62.6 

Patient Survival 79.0 69.9 

Liver: deceased donor 
Graft Survival 68.4 54.1 

Patient Survival 73.8 60.0 

Intestine 
Graft Survival 39.6 28.9 

Patient Survival 57.9 46.4 

Heart 
Graft Survival 73.7 54.2 

Patient Survival 74.9 56.0 

Lung 
Graft Survival 51.5 26.2 

Patient Survival 54.4 28.6 

 

Table 8.2c Unadjusted Graft and Patient Survival at 5 Years and 10 Years from the U.S. 

Organ Procurement and Transplantation Network and the Scientific Registry of Transplant 

Recipients, 2009 Annual Report.645 

Graft Survival for Major Indications 

It is well established that graft survival rates vary depending on the preoperative diagnosis. 

By general consensus, patients are considered to be high risk if they have two or more 

quadrants of neovascularisation or have a history of graft failure resulting from rejection.444 

Uncomplicated penetrating keratoplasty performed in non-vascularised ‘low-risk’ beds is 

associated with a highly favourable prognosis, with a 5-year survival rate of 90% and a 10-
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year survival rate of 82%.275 Conversely, the prognosis of high-risk penetrating keratoplasty 

is poor, with one study reporting a 5-year survival rate of 18.3% in patients with a 

preoperative diagnosis of graft failure.391  

Keratoconus 

Study Number of 

grafts 

 

Survival Rates Keratoconus (%) 

 

1 year 2 

year 

5 

year 

10 year 15 year 20 year 25 year 

Williams et al194 4,930 97 - 95 89 77 46 - 

Pramanik et 

al646  

112 - - - - - - 85.4 

Patel et al 192 735 94.6 - - - - - - 

Sit et al 187 50 - - 95.9 - - - - 

Tan et al 391 87 100 - 100 94.7 - - - 

Price et al 641 182 100 100 91 - - - - 

Thompson et 

al275 

449 - - 97 92 - - - 

Inoue et al 248 64 - - - 100 - - - 

Claesson et al 
532 

59 - - - 88 - - - 

Rahman et al 397 48 - - 93 - - - - 

Dandona et al447 118 96.4 - 95.1 - - - - 

Yorston et al198 108 - 87.4 - - - - - 

Wagoner et al191 464 - - 96.1 - - - - 

 

Table 8.2d Reported Survival Rates of Corneal Grafts Performed for Keratoconus in thirteen 

large, representative studies, 

 

In the current study the two year graft survival rate was highest (95.6%) in patients with 

keratoconus. It is well established that patients with keratoconus enjoy the highest graft 

survival rates, 91 to 100%, and 88 to 100%, at 5 and 10 years, 

respectively.187,191,194,248,391,397,447,532,641  However, within the Australian Corneal Graft 

Registry (ACGR) graft survival reduced to 77% and 46% at 15 and 20 years, respectively.194 
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Pramanik et al reported a survival rate of 85.4% at 25 years after initial transplantation.646 

Within the ACGR the mean survival was 18.18 years (SE =0.28; 95% CI: 17.63, 18.73). 

Survival is slightly reduced in eyes with keratoconus who had hydrops at the time of surgery, 

and in those with intellectual disability.194 According to the ACGR, the mean penetrating 

corneal graft survival in eyes with hydrops at the time of surgery was 12.07 years (SE =0.79; 

95% CI: 10.51, 13.62).194 Mean survival in patients with Down syndrome or intellectual 

disability was 10.01 years (SE =0.94; 95% CI: 8.16, 11.86). A summary of the survival rates 

of corneal grafts in eyes with keratoconus from a number of larger studies is provided in 

Table 8.2d. 

In the current study, keratoconus was the leading indication for corneal transplantation. 

Treatment centres with a high percentage of cases performed for keratoconus could have 

more favourable overall graft survival rates because of selection bias, particularly within the 

first decade post keratoplasty. Details of studies reporting on the survival rates of cases 

performed for keratoconus are provided in Table 8.2d. 

Bullous Keratopathy 

The two year survival rates of corneal transplantation for bullous keratopathy(80.9%)were 

inferior to those observed in patients with keratoconus, corneal dystrophy, viral keratitis, and 

regraft. The reported survival rates range from 40.3 to 79%, and 33.5 to 50% at 5 and 10 

years, respectively.187,191,193,194,248,391,397,447,532,641 Within the ACGR, the mean survival for 

bullous keratopathy was 9.06 years (SE=0.26; 95% CI 8.54,9.58).194 

A study by Thompson et al further categorised survival rates in eyes with bullous keratopathy 

according to the lens status of the eye.275 They reported that the incidence of endothelial 

failure was almost threefold higher in pseudophakic bullous keratopathy eyes in which the 

intraocular lens (IOL) was exchanged. The authors postulated that the increased incidence of 

endothelial failure with a retained posterior chamber IOL may be ‘secondary to a low-grade 

or chronic inflammatory state induced by chafing of the iris or ciliary body against the lens or 

possibly from manufacturing impurities or polishing compounds on the lenses, which could 

lead to accelerated endothelial cell loss over time’.275 An outline of the reported survival rates 

for bullous keratopathy is provided in Table 8.2e. 
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Study 
Number 

of grafts 

Survival Rates Bullous Keratopathy (%) 

 

1 year 2 year 5 year 10 year 15 year 20 year 

Williams et al194 4,328 84 - 59 39 25 6 

Patel et al 192 235 85.1 - - - - - 

Sit et al 187 200* - 70.7 50 - - - 

Fasolo et al193 94* 94 92 67 - - - 

Tan et al 391 211 86.2 - 50.1 33.5  - 

Price et al 641 91 †  91 85 79 - - - 

Inoue et al 248 55 - - - 50 - - 

Claesson et al 532 25 - - - 48 - - 

Rahman et al 397 43 - - 77 - - - 

Dandona et al447 209* 80.8 - 44.1 - - - 

Wagoner et al191 188 - - 40.3 - - - 

(*) = eyes with pseudophakic bullous keratopathy only   

(†) = eyes with aphakic bullous keratopathy only 

 

Table 8.2e Reported Survival Rates of Corneal Grafts Performed for Bullous Keratopathy 

 

Corneal Dystrophy 

In the current study, corneal dystrophy was associated with the second highest two year 

survival rate (94.5%). Within the ACGR, the mean survival of Fuchs dystrophy was 12.50 

years (SE =0.45; 95% CI: 11.61, 13.39), and the mean survival of other corneal dystrophies 

was 15.72 years (SE =0.91; 95% CI: 13.93, 17.51).194 Corneal dystrophy is typically 

associated with high corneal graft survival rates; 81 to 98% and 64 to 79% at 5 and 10 years, 

respectively.187,190,194,397,641 However, in a large study examining the outcomes of keratoplasty 

in Asian eyes, Fuchs dystrophy was found to be one of the 3 disease groups with the lowest 

graft survival, with reported 5 and 10 year survival rates of 58.6% and 20%, respectively.391 

Low 5 year survival rates (56%) in eyes with Fuchs dystrophy were also reported in a study 

based in India.447 

An outline of the reported survival rates for corneal dystrophy is provided in Table 8.2f. 
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Study 
Number 

of grafts 

Survival Rates Corneal Dystrophy (%) 

 

1 year 2 year 5 year 10 year 15 year 20 year 

Williams et al194 1,609 94 - 81 64 37 17 

Patel et al 192 81 95.1 - - - - - 

Sit et al 187 35 - 90.5 85.2 - - - 

Tan et al 391 64 89.2 - 58.6 20  - 

Price et al 641 313 100 99 98 - - - 

Thompson et al275        

Inoue et al 248 20 - - - 75 - - 

Claesson et al 532 14 - - - 79 - - 

Rahman et al 397 28 - - 89 - - - 

Dandona et al447 165 87 - 56 - - - 

 

Table 8.2f Reported Survival Rates of Corneal Grafts Performed for Corneal Dystrophy 

 

Corneal Ulceration 

 

Study 
Number 

of grafts 

Survival Rates Corneal Ulceration (%) 

 

1 year 2 year 5 year 10 year 15 year 

Williams et al194 349 68 - 48 32 21 

Patel et al 192 67 73 - - - - 

Sit et al 187 25 - 75.6 42.0 - - 

Inoue et al 248 49 - - - 79.6 - 

 

Table 8.2g Reported Survival Rates of Corneal Grafts Performed for Corneal Ulceration 

 

The inflammatory pathologic process erodes the mechanisms of ocular immune privilege and 

significantly decreases the change of achieving engraftment.200 Corneal ulceration is 

associated with low corneal graft survival rates; 42 to 48%, and 32 to 79.6% at 5 and 10 

years, respectively.194 In the current study, corneal grafts performed for corneal ulceration 
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had the lowest survival rates; 61.5% at two years. Within the ACGR, penetrating corneal 

grafts with no history of inflammation had a mean survival of 16.8 years.194 By contrast, the 

mean survival of penetrating grafts placed in a recipient bed that had been inflamed at some 

stage in the past was 10.73 years, and eyes inflamed at the time of grafting had a mean 

survival of 7.74 years. An outline of the reported survival rates for corneal ulceration is 

provided in Table 8.2g. 

 

Viral Keratitis 

In the current study, the two year corneal graft survival rate in eyes with viral keratitis was 

good at 88.9%. According to the international literature, corneal graft survival rates in eyes 

with viral keratitis range from 65.3 to 72% at 5 years, and 60 to 89.5% at 10 years.194,248  In 

the event that the recipient cornea is actively inflamed at the time of transplantation, the 10 

year graft survival falls to only 32%.111 The ACGR reported a mean survival of 12.59 years 

(SE = 0.61; 95% CI: .33, 8.70).194 An outline of the reported survival rates for viral keratitis 

is provided in Table 8.2h. 

Study 
Number 

of grafts 

Survival Rates Viral Keratitis (%) 

 

1 year 2 year 5 year 10 year 15 year 

Williams et al 359 692 85 - 72 60 49 

Patel et al 192 120 85 - - - - 

Sit et al 187 32 - 75.6 65.3 - - 

Inoue et al 248 38 - - - 89.5 - 

 

Table 8.2h Reported Survival Rates of Corneal Grafts Performed for Viral Keratitis 

 

Trauma 

Trauma to the eye may take many forms with each injury presenting a unique challenge. In 

the current study, corneal grafts performed in eyes with a history of trauma had the second 

lowest two year survival rate (63.3%). Within the ACGR, the mean survival for eyes with 

trauma was 10.28 years (SE =0.65; 95% CI: 9.00, 11.5), and the mean survival for eyes with 

burns was 6.75 years (SE = 0.74; 95% CI: 5.31, 8.20).  An outline of the reported survival 

rates for trauma is provided in Table 8.2i. 
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Study 
Number 

of grafts 

Survival Rates Trauma (%) 

 

1 year 2 year 5 year 10 year 
15 

year 

Williams et al 194 297 86 - 70 49 - 

Patel et al 192 78 76.9 - - - - 

Sit et al 187 28 - 71.2 59.8 - - 

 

Table 8.2i Reported Survival Rates of Corneal Grafts Performed for Trauma 

 

Repeat keratoplasty 

Study 
Number 

of grafts 

Survival Rates Regraft (%) 

 

1 year 2 year 5 year 10 year 15 year 

Williams et al 359 2,540 75 - 54 37 - 

Patel et al 192 115 70.4 - - - - 

Inoue et al 248 39 - - - 66.7 - 

Tan et al 391 112 68.9 - 18.3 - - 

Rahman et al 397 41 - - 76 - - 

Dandona et al447 336 53.5 - 21.2 - - 

Patel et al 188 150 - 74 - - - 

 

Table 8.2j Reported Survival Rates of Corneal Grafts Performed for Regraft 

 

The two year survival rates for corneal regraft observed in the current study are high 

compared with the international literature (87.4%). Corneal transplantation procedures 

performed to replace a previous graft that has failed are typically associated with a high risk 

of graft failure. The reported 5 and 10 year survival rates range from 18.3 to 76%, and 37 to 

66.7%, respectively.194,248,391,397,447 Moreover, the risk of graft failure increases incrementally 

with increasing numbers of previously failed ipsilateral grafts. Within the ACGR, the 10 year 

survival rate of first grafts was 66%, and this declined to 41%, 29%, 18% and 5% with 

second, third, fourth, and fifth and subsequent grafts, respectively.194  Regrafts for 
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astigmatism and primary graft failures demonstrated better graft survival compared with 

those for other reasons, whereas those regrafted for infections, glaucoma and ulcers had 

poorer graft survival.194 An outline of the reported survival rates for regraft is provided in 

Table 8.2j. 

In summary, the results of this study echo the international literature in demonstrating that 

graft survival rates vary depending on the preoperative diagnosis. Although corneal 

ulceration (61.5%) and trauma (63.3%) have worse two year survival rates compared with 

other indications such as keratoconus (95.6%) it is important to view these outcomes in the 

context of the typically poor prognosis of these eyes in the absence of treatment. In particular, 

corneal ulceration in the acute phase poses an immediate threat not only to vision but also the 

structural integrity of the eye itself. Furthermore, although the prognosis for these indications 

is comparatively worse, the majority of grafts survived at the two year time period. 

Therefore, the results of this study do not provide evidence to exclude these indications from 

corneal transplantation but rather inform the decision making process by giving the surgeon 

and patient an indication of the likelihood of success. The appropriateness of proceeding with 

surgery would then be determined on a case by case basis. 

 

Variables Predicting Graft Failure 

Identification of possible risk factors influencing graft survival is essential to optimising 

patient selection criteria and counselling, and enchancing potoperative graft management 

strategies.275 Six independent risk factors were found to be associated with an increased risk 

of graft failure in our multivariate analysis; younger recipient age, preoperative best corrected 

visual acuity (BCVA), indication for corneal transplantation, previous contralateral graft, 

number of rejection episodes, and episodes of loose sutures. 

 

In the international literature, several factors have been shown to increase the risk of graft 

failure, and these can be divided into recpient, donor, and postoperative factors. 

Discrepancies between studies are apparent and may arise secondary to differences in study 

design, data collection methods, and diagnostic criteria, and because of ethnic and geographic 

variations, inclusion criteria, and postoperative immunosuppression regimens.642 Moreover, it 

is important to consider that multiple factors can potentially have an effect on graft survival. 
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Donor Risk Factors 

Donor and preservation factors appear to have little influence on graft survival, perhaps 

largely because donor material is screened and selected by eye banks for tissue quality. 

Although there is a theoretical premise that donor age may impact on graft survival, evidence 

supporting this hypothesis is conflicting. The influence of donor and preservation factors on 

graft survival was not examined in the current study. A summary of potential donor risk 

factors for graft failure is provided in Table 8.2k. 

 

Donor Variables 

Predicting Graft Failure 

Studies Demonstrating 

Association on Multivariate 

Analysis 

Studies Not Demonstrating 

Association on Multivariate Analysis 

Age 
Wagoner et al,191 Yamagami et 

al,446 Dandona et al447 

Williams et al,359 Patel et al,643 Tan et 

al,391 Sugar et al647 

Gender  Williams et al359 

Endothelial cell count Tan et al391  

Cause of donor death  Williams et al359 

Type of retrieval  Williams et al,359 Sugar et al647 

Death to enucleation 

time 
 

Wagoner et al,191 Williams et al,359 

Yamagami et al,446 Sugar et al,647 

Rahman et al397 

Enucleation to graft 

time 
 

Wagoner et al,191 Williams et al,359 

Yamagami et al,446 Sugar et al,647 

Storage medium  Williams et al,359 Maguire et al635 

Donor quality on slit 

lamp examination 
Dandona et al447  

ABO incompatibility Maguire et al635  

 

Table 8.2k A summary of previous studies examining potential donor risk factors for graft 

failure 

Recipient Risk Factors 

The importance of preoperative diagnosis for corneal graft survival is well recognised; grafts 

for keratoconus have the best survival rate, whereas  grafts for endothelial disease, corneal 
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ulceration and graft failure are typically associaed with lower rates of 

survival.187,190,191,240,275,359,391,397,479,647 The results of this study were consistent with those of 

the literature, with the highest survival rates identified in keratoconus. Conversely, grafts 

performed for corneal ulceration and trauma were more likely to fail. Previous authors have 

postulated that the poor survival outcomes associated with corneal ulceration, regraft and 

trauma may reflect the presence of high-risk preoperative conditions, the requirement for 

additional surgical procedures, and the increased incidence of postoperative complications. 

Interestingly, within the Corneal Transplant Follow up Study, preoperative diagnoses was not 

found to have a significant effect on graft survival after allowance for regrafts, deep 

vascularisation, active uveal inflammation, or stromal oedema.240 

Surprisingly, regraft was not found to be associated with decreased survival. One possible 

explanatation could be that regrafts may have received more aggressive immunosuppressive 

therapy in anticipation of their increased risk of failure or that failure was not associated with 

immunological rejection in the first place. Moreover, it is feasible that patients who have 

previously experienced graft failure may be more motivated to be compliant with treatment, 

and may have an enhanced understanding of the signs (and implications) of corneal graft 

rejection. Of course this graft failure rate may increase with longer follow-up.  

An outline of studies which have examined the influence of preoperative diagnosis on graft 

failure is provided in Table 8.2l. 

Recipients with a preoperative diagnosis of corneal neovascularisation have poor graft 

survival. 7,19,20,22,24,26,28,34  In the current study, the presence of corneal neovascularisation at the 

time of corneal transplantation was associated with a decrease in the survival rate at the 

univariate level; however the relationship was no longer apparent in multivariate analysis. A 

possible explanation may be the association between preoperative neovascularisation and the 

preoperative diagnoses with lower survival rates; trauma and corneal ulceration. In previous 

reports, a significant association between preoperative neovascularisation and decreased 

corneal graft survival has been frequently cited, both at the univariate and multivariate levels. 

192,240,359,391,397,446,447,635 Survival is also undermined by the presence of active inflammation at 

the time of grafting.192,193,240,359,391,397,446,447,635 Interestingly, an increased risk of graft failure 

was associated with previous corneal transplantation in the contralateral eye. 
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The Influence of 

Preoperative Diagnosis 

on Graft Failure 

Studies Demonstrating Association on 

Multivariate Analysis 

Studies Not Demonstrating 

Association on Multivariate 

Analysis 

Regraft 

Williams et al,359 Patel et al,192 Tan et 

al,391 Maguire et al,635 Fasolo et al,193 

Dandona et al447 

 

Type of corneal 

dystrophy 
 Williams et al 359 

Fuchs Tan et al 391  

Bullous keratopathy 
Tan et al,391 Dandona et al,447 Sit et 

al,187 Sugar et al479  

Wililams et al,359 Fasolo et 

al193 

Viral keratitis Williams et al359, Sit et al187  

Scars and opacities Williams et al359, Sit et al187  

Other Williams et al,359 Dandona et al447  

Bacterial keratitis Sit et al 187  

Trauma   

Radiation keratitis Sit et al 187  

Band keratopathy Sit et al 187  

Chemical burn Maguire et al 635  

Purely cosmetic or 

therapeutic indication 
Maguire et al 240  

 

Table 8.2l A summary of previous studies examining the influence of preoperative diagnosis 

on graft failure 

To our knowledge, this study is the first to identify poorer preoperative best corrected visual 

acuity as an independent risk factor for corneal graft failure. Within the ACGR, although 

decreased graft survival was related to worse pre-graft visual acuity on univariate analysis 

there was no evidence of an association with multivariate analysis.194 However, the ACGR 

did find that the preoperative inflammation, and raised intraocular pressure exerted 

significant negative influences on graft survival on multivariate analysis.194 Preoperative 

inflammation was judged to have occurred in any graft where there ‘had been a record of 

steroids being administered during the 2 week period prior to graft, or where the grafted eye 

had undergone previous surgery’.194 In the current study, recent steroid administration and a 

history of raised intraocular pressure were not included in the final analysis. Given that these 
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two variables may have an influence on preoperative visual acuity, this may account for the 

differences between the findings of our study and the ACGR. 

 

In the literature, a significant association between a history of raised intraocular pressure and 

decreased corneal graft survival has been reported, however this finding was not corroborated 

by the Corneal Graft Outcome Study187 or the Corneal Transplant Epidemiological Study.193 

A post-operative rise in intraocular pressure was associated with a significant decrease in the 

survival rate at the multivariate level in the ACGR.194 In the current study, postoperative 

episodes of raised intraocular pressure were not associated with an increased risk of graft 

failure at the multivariate level.  However, raised intraocular pressure was identified as the 

second leading association of graft failure, accounting for 13% of graft failures. A 

conceivable explanation for this aparent paradox is the complex interplay between 

immnosuppression, steroid-response glaucoma, graft rejection, and high risk corneal 

transplants.  

Recipient Variables 

Predicting Graft Failure 

Studies Demonstrating 

Association on Multivariate 

Analysis 

Studies Not Demonstrating 

Association on Multivariate Analysis 

Age 

Sit et al,187 Tan et al,391 Vail et 

al,240 Maguire et al,635 Dandona 

et al447 

Williams et al,359 Price et al,190 Patel et 

al,192 Yamagami et al,446 Rahman et 

al,397 Sugar et al479  

Gender Sit et al,187 Tan et al,391 
Williams et al,359 Price et al,190 Sugar 

et al,479 Wagoner et al191 

Race Price et al 190 Tan et al 391 

Preoperative VA  Williams et al359  

Socioeconomic  status Dandona et al 447  

Region of residence  Wagoner et al 191 

Systemic diseases  Fasolo et al 193 

Diabetes mellitus Price et al 190 Sugar et al 479 

Smoking  Sugar et al 479 

Hypertension  Price et al 190 

Indication for paediatric 

recipients 
  Williams et al 359 

 

Table 8.2k A summary of previous studies examining potential recipient risk factors for graft 

failure in the international literature 
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Recipient Variables 

Predicting Graft Failure 

Studies Demonstrating Association on 

Multivariate Analysis 

Studies Not Demonstrating 

Association on 

Multivariate Analysis 

Corneal 

neovascularisation at 

transplantation 

Tan et al,391 Vail et al,240 Maguire et al,635 

Dandona et al,447 Williams et al,359  

Yamagami et al,446 Rahman et al,397 Patel 

et al192  

 

History of other ocular 

diseases 
 Fasolo et al 193 

History of ocular 

inflammation 
Williams et al,359 Fasolo et al 193  

History of raised IOP 

Tan et al,391 Maguire et al,635 Williams et 

al,359  Patel et al,192 Yamagami et al,446 

Rahman et al,397 Sugar et al479 

Sit et al,187 Fasolo et al 193 

Previous anterior 

segment surgery 
Maguire et al 635  

Preoperative endothelial 

dysfunction 
Yamagami et al 446  

Preoperative ocular 

infection 
Fasolo et al 193  

Use of glaucoma 

medications 
Price et al,190 Sugar et al 479  

Active inflammation at 

time of grafting 
Tan et al,391 Vail et al,240 Patel et al192  

Perforation Tan et al 391  

Descemetocoele  Williams et al 359 

Lens status 
Fasolo et al,193 Yamagami et al,446 

Wililams et al359  
Sit et al 187 

Uveitis or synechiae 
Sit et al,187 Vail et al,240 Maguire et al,635 

Yamagami et al 446 
Williams et al 359 

Type of corneal 

dystrophy 
 Williams et al 359 

VA = visual acuity; IOP = intraocular pressure 

 

Table 8.2l A summary of previous studies examining potential recipient ocular risk factors 

for graft failure in the international literature. 

The influence of recipient age on corneal graft survival is controversial. In the current study, 

there was evidence of an association of older recipient age, and decreased risk of graft failure. 

Our findings corroborate with the Collaborative Corneal Transplantation Studies (CCTS) 
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Research Group who reported that younger recipients (< 40 years) had approximately twice 

as many failures than older recipients.635 A reduced propensity to graft rejection secondary to 

age-related alterations in T cell immunity648 is a theoretical explanation for this 

observation.240,635  However, age was not identified as an independent risk factor for graft 

failure in a number of large studies including the Australian Corneal Graft Registry (ACGR), 

the Cornea Donor Study, and the Corneal Consultants of Indiana. 192,359,391,479,647 In 

contradistinction to our findings, older recipient age was associated with poorer prognosis in 

the Singapore Corneal Transplant Study, and the Corneal Graft Outcome Study, with the 

authors attributing this association to lower host endothelial cell reserves. 187,391 

 

Conflicting reports are found on the influence of recipient gender on graft survival, with a 

couple of large studies reporting an association of male gender and reduced survival. In 

concordance with other studies such as the ACGR and the CCTS, no relationship between 

recipient gender and graft survival was identified in this study.190,191,359,479 .   

Other recipient demographic variables examined in the study, such as ethnicity, level of 

deprivation, and treatment centre (private of public) appeared not to affect graft survival. No 

association was found between recipient history of atopy or smoking and graft survival. A 

summary of potential recipient risk factors for graft failure identified in the international 

literature is provided in Table 8.2k and 8.2l. 

Surgical Risk Factors 

A summary of potential surgical risk factors for graft failure reported in the international 

literature is provided in Table 8.2m. 

Although there are conflicting reports in the literature regarding the importance of graft 

diameter size on corneal graft survival187,190,192,359,391,479, this study identified no significant 

association between graft diameter size and graft survival rate.   

The influence on graft survival of  suturing technique240,446 and concurrent 

procedures193,391,397  is controversial. In contrast to the Corneal Transplant Follow Up Study, 

suture technique (interrupted, mixed or continuous) was not found to influence corneal graft 

survival in the current study.  Other surgical variables examined in the study, such as 

additional procedures, and positive vitreous pressure, appeared not to affect graft survival. 
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Low surgeon caseload has been linked to an increased risk of graft failure193,240,359 in previous 

studies, however this variable was not examined in the current study. 

Surgical Variables 

Predicting Graft Failure 

Studies Demonstrating 

Association on Multivariate 

Analysis 

Studies Not Demonstrating 

Association on Multivariate 

Analysis 

Transplant centre Williams et al 359  

Transplant location Williams et al 359  

Volume of surgeons case 

load 

Williams et al,359 Vail et al,240 

Fasolo et al193 
 

Vitrectomy at time of 

graft 
Fasolo et al 193 Williams et al, Patel et al192  

Triple procedure vs. 

staged procedures 
 Williams et al 359,446 

Graft diameter 
Williams et al,359 Patel el al,192 

Price et al,190 Tan et al391 

Sit et al,187 Sugar et al,479 Rahman 

et al397 

Accompanying 

intraocular lens 
 Price et al 190 

Type of operative 

procedure 
 Sit et al 187 

Intraoperative 

complications 
Patel et al 192  

Concurrent operative 

procedures 
Rahman et al 397 Fasolo et al,193 Tan et al 391 

Suturing technique Vail et al240 Yamagami et al 446 

Use of viscoelastic agents  Yamagami et al446 

 

Table 8.2m A Summary of Potential Surgical Risk Factors for Graft Failure Reported in the 

International Literature 

Postoperative Risk Factors 

In the postoperative period, allograft rejection is consistently found to be an important 

variable predictive of graft failure. 187,192,359,397 Indeed, graft rejection is often cited as the 

leading cause of graft failure. 5-7,9,16 This study corroborated the well-established association 

between postoperative episodes of allograft rejection and decreased graft survival. Indeed, the 

risk of graft failure increased incrementally with increasing number of rejection episodes. 
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Echoing the findings of other studies, allograft rejection was identified as the leading cause of 

corneal graft failure, accounting for 35.1% of all graft failures. 

Postoperative Variables 

Predicting Graft Failure 

Studies Demonstrating 

Association on Multivariate 

Analysis 

Studies Not Demonstrating 

Association on Multivariate 

Analysis 

Rejection 
Williams et al,359 Sit et al,187 

Patel et al,192 Rahman et al397 
 

Neovascularisation Williams et al,359 Sit et al187  

Rise in intraocular pressure Rahman et al,397 Williams194  

Adverse 

reactions/complications 

Fasolo et al,193 Wagoner et 

al191 
 

Descemets folds at follow up Fasolo et al 193  

Stromal infiltrates at follow up  Fasolo et al  193 

Epithelial defects at follow up  Fasolo et al  193 

Blepharitis at follow up  Fasolo et al 193 

Conjunctivitis at follow up  Fasolo et al 193 

Visit compliance  Wagoner et al 191 

Refractive surgery in follow up Williams et al 194  

Arrangements for follow up Williams et al 194  

Time of removal of graft 

sutures 
Williams et al 194  

 

Table 8.2n A Summary of Potential Postoperative Risk Factors for Graft Failure Reported in 

the International Literature  

In the current study, the presence of postoperative broken of loosened corneal graft sutures 

was associated with a significant decrease in the survival rate at the multivariate level. This is 

not surprising given that suture erosions are responsible for around one-third, to one-half of 

all corneal transplant procedures complicated by corneal infection.562 Corneal epithelial 

breach secondary to suture erosions may also predispose to corneal graft rejection.199,204 

In previous studies, post-operative neovascularisation of the graft and the occurrence of 

adverse postoperative events have also been associated with an increased risk of graft 

failure.187,191,193,359  A summary of potential postoperative risk factors for graft failure 
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reported in the international literature is provided in Table 8.2n. A more detailed summary of 

previous studies examining potential risk factors for graft failure is provided in Appendix 

8.2a. 

8.3 CONCLUSIONS  

The overall 2-year survival rate (87.9%) identified in this study was comparable to that of 

other survival rates reported in the literature. The highest survival rates were identified in 

keratoconus. Conversely, grafts performed for corneal ulceration and trauma were more 

likely to fail. Six independent risk factors were found to be associated with an increased risk 

of graft failure in our multivariate analysis; younger recipient age, preoperative best corrected 

visual acuity (BCVA), indication for corneal transplantation, previous contralateral graft, 

number of rejection episodes, and episodes of loose sutures. 
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Chapter 9 

 

Visual Outcomes 
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INTRODUCTION 

Improved visual function is the primary objective of corneal transplantation in the majority of 

cases.192,194,240,354 Postoperative visual performance is therefore an important gauge of the 

success of the procedure. The evaluation of visual outcomes is complicated and a number of 

factors need to be considered including; the outcome measure, the timing of visual 

rehabilitation, and the requirement for optical correction. It is important to note that even in 

the setting of a clear graft, visual acuity may be irredeemably limited by the presence of 

concurrent ocular morbidities such as glaucoma, macular degeneration, or diabetic 

retinopathy. 

 

This research presented in this chapter examines the visual outcomes of patients undergoing 

corneal transplantation in the Auckland region. 

 

9.1 VISUAL OUTCOMES 

Results 

Visual Outcome 

A total of 834 patients underwent penetrating keratoplasty during the study period. 

Penetrating keratoplasty was performed to improve the visual function in 89.6% (n=747) of 

cases, for structural reasons in 6.1% (n=51), and for pain in 3.2% (n=27). Information on 

preoperative and postoperative visual outcome at 2 years following transplantation was 

available for 533 of the surviving 558 penetrating keratoplasties.  

Overall, 58.7% (n=313) of patients achieved a 2-year postoperative BCSVA of 6/12 or better, 

and 69.6% (n=371) achieved 6/18 or better. Two-year postoperative BCSVA of less than 

6/60 was observed in 10.7% (n=57) of recipients. Figure 9.1a shows the best corrected visual 

acuity in the graft eye pre-operatively and at the time of 2-year follow up. 

The majority of patients with routine corneal transplant surgery are discharged from regular 

follow up in the Public Health system at 2 years post operatively.  The two year time point 

was therefore chosen as to allow for a more comprehensive data collection than a later time 

point. Furthermore, corneal suture removal is typically performed by 18 months and therefore 

by the two year time point the majority of patients should have their sutures removed. 
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Figure 9.1a Best corrected visual acuity in the grafted eye preoperatively and at 2-year 

follow up in penetrating keratoplasty eyes in the Auckland region for the decade 2000-2009, 

(n=834 eyes) 

Visual acuity improved by 2 lines or more in 67.0% (n=357) of eyes with surviving 

penetrating keratoplasty, with 25.1% (n=134) improving by 2-4 lines, 33.8% (n=180) by 5-10 

lines, and 8.1% (n=43) by more than 10 lines. In 9.2% (n=49) of cases, postoperative 

BCSVA showed no change compared with pre-graft, and in 16.3% (n=87) postoperative 

BCSVA was worse than pre-graft. Figure 9.1a shows the best corrected visual acuity in the 

graft eye pre-operatively and at the time of 2-year follow up. 

Over half of the 87 eyes (n=46) experiencing a postoperative decline in visual acuity at two 

year follow-up, achieved an improvement in postoperative visual acuity compared with 

preoperative visual acuity at the time of the last recorded visit. In eleven eyes, the visual 

acuity improved to the level of preoperative visual acuity at the time of the last recorded visit. 

The visual acuity was limited by the presence of concurrent ocular pathology in 19 of the 37 

eyes who demonstrated a decline in postoperative visual acuity at the time of the last 

recorded visit compared with preoperatively. Concurrent ocular pathologies included; end 

stage glaucoma (n=5), macular degeneration (n=4), previous graft rupture (n=5), scarring 

secondary to keratitis (n=3), optic atrophy (n=1), and aphakia (n=1).  Figure 9.1b shows the 

number of lines of improvement or worsening in best corrected visual acuity since graft, as 

measured at 2-year follow up.  
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Figure 9.1b Changes in best corrected visual acuity following penetrating keratoplasty at two year 

follow up compared with preoperatively in the Auckland region for the decade 2000-2009, 

(n=834 eyes) 

Visual Outcome Related to Preoperative Visual Acuity  

Of the 533 surviving penetrating keratoplasty eyes with information on postoperative visual 

outcomes at 2 years, 164 (30.8%) had a preoperative visual acuity of 6/18 or better. Within 

this cohort, 61 (37.2%) demonstrated a postoperative decline in visual acuity at two year 

follow-up, 18 (11.0%) showed no improvement and 85 (51.8%) showed an improvement in 

vision. Coexisting ocular pathology limiting vision was found in 11 eyes and included 

previous graft rupture (n=4), glaucoma (n=4), macular degeneration (n=1), recurrence of 

HSV keratitis (n=1) and ocular surface disturbance. 

Twenty-three (37.7%) of the 61 eyes experiencing a postoperative decline in visual acuity at 

two year follow-up, achieved an improvement in postoperative visual acuity compared with 

preoperative visual acuity at the time of the last recorded visit and 7 eyes (11.5%) were 

restored to their preoperative visual acuity. The details of the two year postoperative visual 

outcomes by preoperative best corrected Snellen visual acuity in patients with a preoperative 

visual acuity of 6/18 or better, are provided in Figure 9.1c. 
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Figure 9.1c Two year postoperative visual outcomes by preoperative best corrected Snellen 

visual acuity in patients with a preoperative visual acuity of 6/18 or better in penetrating 

keratoplasty eyes in the Auckland region for the decade 2000-2009 (n=164) 

Notably of those eyes with reduced post-operative, compared to pre-operative, visual acuity 

one-third achieved 6/12 or better (n=20, 32.8%), and half achieved 6/18 or better (n=32, 

52.5%). Conversely, 42.6% (n=26) had a visual acuity <6/18 and ≥6/60, and 4.9% (n=3) has 

a visual acuity worse than 6/60. 

All patients with a preoperative best corrected visual acuity of 6/6 (n=17) demonstrated a 

decline in vision at the 2 year follow up visit, and this persisted in all patients at the final 

visit.  The indications for surgery were keratoconus (n=9), regraft (n=3), bullous keratopathy 

(n=3) and Fuchs endothelial dystrophy (2). The stated objective of surgery in all cases was to 

improve visual acuity. The nine patients with keratoconus were described as being contact 

lens intolerant. Interestingly, a preoperative visual acuity of 6/6 was exclusively observed in 

patients treated in the private sector. 

Visual Outcome Related to Indication 

Keratoconus 

Seventy per cent (n=173) of all surviving grafts performed for keratoconus achieved a 

postoperative BCSVA of 6/12 or better, 79.8% (n=198) achieved 6/18 or better, and 3.6% 
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(n=9) achieved less than 6/60. Appendix 9.1a shows the best corrected visual acuity in the 

graft eye pre-operatively and at the time of 2-year follow up. There was an improvement of 2 

lines or more of visual acuity in 79.4% (n=197) of surviving keratoconic eyes. Appendix 9.1b 

shows the number of lines of improvement or worsening in best corrected visual acuity, as 

measured at 2-years post-keratoplasty. 

Bullous Keratopathy 

Thirty-one per cent (n=11) of all surviving grafts performed for bullous keratopathy achieved 

a postoperative BCSVA of 6/12 or better, 44.4% (n=16) achieved 6/18 or better, and 27.8% 

(n=10) achieved less than 6/60. Appendix 9.1c shows the best corrected visual acuity in the 

graft eye pre-operatively and at the time of 2-year follow up. There was an improvement of 2 

lines or more of visual acuity in 72.2 per cent (n=26) of eyes with surviving grafts following 

bullous keratopathy. Appendix 9.1d shows the number of lines of improvement or worsening 

in best corrected visual acuity measured at 2-years post-keratoplasty.  

Corneal Dystrophy 

Sixty-five per cent (n=42) of all surviving grafts performed for corneal dystrophy achieved a 

postoperative BCSVA of 6/12 or better, 72.3% (n=47) achieved 6/18 or better, and 6.2% 

(n=4) achieved less than 6/60. Appendix 9.1e shows the best corrected visual acuity in the 

graft eye pre-operatively and at the time of 2-year follow up.  

There was an improvement of 2 lines or more of visual acuity in 64.6% (n=42) of surviving 

corneal dystrophy eyes. Appendix 9.1f shows the number of lines of improvement or 

worsening in best corrected visual acuity since graft, as measured at 2-year follow up. 

Corneal Ulceration 

Forty-two per cent (n=10) of all surviving grafts performed for corneal ulceration achieved a 

postoperative BCSVA of 6/12 or better, and 33.3% (n=8) achieved less than 6/60. Appendix 

9.1g shows the best corrected visual acuity in the graft eye pre-operatively and at the time of 

2-year follow up. There was an improvement of 2 lines or more of visual acuity in 83.3% 

(n=20) of surviving corneal ulceration eyes. Appendix 9.1h shows the number of lines of 

improvement or worsening in best corrected visual acuity, as measured at 2-years post-

keratoplasty. 
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Viral Keratitis 

Forty-three per cent (n=6) of all surviving grafts performed for viral keratitis achieved a 

postoperative BCVA of 6/12 or better, 50% (n=7) achieved 6/18 or better, and 21.4% (n=3) 

achieved less than 6/60. Appendix 9.1i shows the best corrected visual acuity in the graft eye 

pre-operatively and at the time of 2-year follow up. There was an improvement of 2 lines or 

more of visual acuity in 71.4% of surviving viral keratitis eyes. Appendix 9.1j shows the 

number of lines of improvement or worsening in best corrected visual acuity since graft, as 

measured at 2-year follow up. 

Trauma 

Forty-two per cent (n=8) of all surviving grafts performed for trauma achieved a 

postoperative BCVA of 6/12 or better, 63.2% (n=12) achieved 6/18 or better, and 21.1% 

(n=4) achieved less than 6/60. Appendix 9.1k shows the best corrected visual acuity in the 

graft eye pre-operatively and at the time of 2-year follow up. There was an improvement of 2 

lines or more of visual acuity in 63.2% of surviving grafts in trauma eyes. Appendix 9.1l 

shows the number of lines of improvement or worsening in best corrected visual acuity since 

graft, as measured at 2-year follow up. 

Regraft 

Fifty-two per cent (n=55) of all surviving grafts performed for corneal graft failure achieved a 

postoperative BCSVA of 6/12 or better, 66.0% (n=70) achieved 6/18 or better, and 11.3% 

(n=12) achieved less than 6/60. Appendix 9.1m shows the best corrected visual acuity in the 

graft eye pre-operatively and at the time of 2-year follow up. There was an improvement of 2 

lines or more of visual acuity in 70.8% of surviving grafts in eyes that had undergone regraft. 

Appendix 9.1n shows the number of lines of improvement or worsening in best corrected 

visual acuity since graft, as measured at 2-year follow up. 

Other 

Twenty-nine per cent (n=6) of all surviving grafts performed for ‘other’ indications achieved 

a postoperative BCSVA of 6/12 or better, 52.4% (n=11) achieved 6/18 or better, and 33.3% 

(n=7) achieved less than 6/60. Appendix 9.1o shows the best corrected visual acuity in the 

graft eye pre-operatively and at the time of 2-year follow up. There was an improvement of 2 

lines or more of visual acuity in 71.4% (n=15) of surviving ‘other’ eyes. Appendix 9.1p 

shows the number of lines of improvement or worsening in best corrected visual acuity since 

graft, as measured at 2-year follow up. 
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9.2 DISCUSSION 

Improved visual function is the primary objective of corneal transplantation in the majority of 

cases.192,194,240,354 In the current study, keratoplasty was performed to improve the visual 

function in 89.6% of cases. Postoperative visual performance is therefore an important gauge 

of the success of the procedure. The evaluation of visual outcomes is complicated and a 

number of factors need to be considered including; the outcome measure, the timing of visual 

rehabilitation, and the requirement for optical correction. As previously noted, it is important 

to note that even in the setting of a clear graft; visual acuity may be irredeemably limited by 

severe ametropia or astigmatism, or the presence of concurrent ocular morbidities such as 

glaucoma, macular degeneration, and diabetic retinopathy. 

 

Visual acuity is the conventional method of assessing the degree of visual rehabilitation, and 

is the most frequently employed outcome measure in studies examining the visual outcomes 

of corneal transplantation.192,194,397,447,532,649 According to published reports (Table9.2a), the 

percentage of patients achieving a postoperative best corrected visual acuity of 6/12 or better 

ranges from 40 to 57.6%.192,194,397,447,532,649 Similar results were obtained in the current study, 

with 58.7% of patients achieving a 2-year postoperative BCSVA of 6/12 or better and 69.6% 

achieving 6/18 or better. Two-year postoperative BCSVA of less than 6/60 was observed in 

10.7% of recipients.  

 

Few studies have reported on the change in Snellen acuity after transplantation.191,194 In the 

current study, 74.5% of surviving penetrating keratoplasty eyes exhibited an improvement in 

vision with 67.0% improving by 2 lines or more of visual acuity, 25.1% improving by 2-4 

lines, 33.3% by 5-10 lines, and 8.1% by more than 10 lines. In 9.2% of cases, postoperative 

BCSVA showed no change compared with pre-graft. The visual acuity in 16.3% of recipients 

was worse following the graft. The visual outcomes observed in the current study were 

poorer compared with other studies. Within the Australian Corneal Graft Registry, 82.7% of 

surviving penetrating keratoplasty recipients exhibited an improvement in visual acuity; with 

72.6% improving by more than 2 lines or more.194 Visual acuity remained unchanged in 9.3% 

and worsened in 8.0%. Wagoner et al reported an overall improvement in vision in 82.4% of 

eyes.191 Visual acuity remained the same in 10.7% of eyes, and worsened in 6.9%.  

 

Both of these studies used the best corrected visual acuity at the time of the most recent 

examination as the endpoint, whereas the results in the current study correspond to the two 
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year follow-up period. Interestingly at the time of most recent examination, over half of the 

eyes experiencing a postoperative decline in visual acuity at two year follow-up achieved an 

improvement in postoperative visual acuity compared with preoperative visual acuity. At the 

time of the last recorded visit, only 37 eyes continued to record a decline in postoperative 

visual acuity compared with preoperative visual acuity. Furthermore, 19 of these eyes had 

significant concurrent ocular pathology.  

 

Study 
Time 

Frame 
Measure 

6/12 or 

better 

6/18 or 

better 

Less than 

6/60 

Current Study 
2-year 

follow up 
BCSVA 58.7% 69.6% 10.7% 

Williams et al194 

Australian Corneal Graft 

Registry 

Last follow 

up 

BCVA(without 

pinhole) 
45% 55% 26% 

Patel et al192 

New Zealand National 

Eye Bank Study 

1-year 

follow up 
BCVA 57.6% 67.3% 8.2% 

Dandona et al447 

L V Prasad Eye 

Institution 

Last follow 

up 
VA (not specified)  28% 48.5% 

Rahman et al397 

Manchester Royal Eye 

Hospital 

5-year 

follow up 
BCVA 48%  14% 

Beckingsale et al649 

Queen Victoria Hospital, 

East  Grinstead 

5-year 

follow up 
BCVA 40% 53%  

Claesson et al532 

Swedish Corneal 

Transplant Register 

2-year 

follow up 
Preferred BCVA 48%  27% 

BCVA = best corrected visual acuity; BCSVA = best corrected spectacle visual acuity, VA = visual 

acuity 

 

Table 9.2a An outline of previous studies examining visual outcomes following penetrating 

keratoplasty 
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In the current study, visual outcomes varied considerably when stratified by preoperative 

visual acuity. Overall 74.5% of patients showed an improvement following corneal 

transplantation however, only half of patients with a preoperative vision of 6/18 or better had 

enhanced vision postoperatively. Indeed, all patients with a preoperative best corrected visual 

acuity of 6/6 (n=17) demonstrated a reduced recorded visual acuity at the 2 year follow up 

visit. A preoperative visual acuity of 6/15 or worse appeared to be the threshold at which the 

majority of patients demonstrated an improvement in vision. The results of this study suggest 

that caution should be applied in considering penetrating corneal transplantation in patients 

with preoperative visual acuity of 6/12 or better. 

 

Previous studies have shown that postoperative visual outcomes vary according to 

preoperative diagnosis. Penetrating keratoplasty performed for keratoconus is associated with 

favourable visual outcomes, with studies reporting 65 to 97.9% of recipients achieving best 

corrected visual acuity of 6/12 or better (Table 9.2b). Conversely, the visual prognosis of 

keratoplasty procedures performed for bullous keratopathy, regraft, and herpetic infection is 

poor. Within the Australian Corneal Graft Registry, a best corrected visual acuity of 6/12 or 

better was achieved in only 10%, 13%, 23% and 26%, of recipients with a preoperative 

diagnosis of aphakic bullous keratopathy, pseudophakic bullous keratopathy, regraft, and 

herpetic infection, respectively. The percentage of corneal dystrophy eyes achieving a 

postoperative best corrected visual acuity of 6/12 or better was 40%, and 32% within the 

Australian Corneal Graft Registry and the Swedish Corneal Transplant Register, respectively.  

 

The results of the current study were comparable with previous reports; 69.8% of all 

surviving graft performed for keratoconus achieved a postoperative BCSVA of 6/12 or better, 

75% achieved 6/18 or better, and 3.6% achieved less than 6/60. The percentage of graft 

recipients achieving a best corrected visual acuity of 6/12 or better with a preoperative 

diagnosis of corneal dystrophy, bullous keratopathy, regraft, and herpetic infection were 

better than those reported in the Australian Corneal Graft Registry, 64.6%, 30.6%, 51.9%, 

and 42.9%, respectively. 

 

It is important to note that visual acuity represents only one domain of visual performance 

and may not necessarily correlate with the patient’s ability to perform the activities of daily 

living. 651  Other aspects of visual function such as contrast sensitivity, stereo acuity, and 

disability glare are also important for everyday functioning.111 Some patients with high levels 



286 
 

of visual acuity and a clear graft nonetheless report limitations to vision and dissatisfaction 

with the procedure.651 Conversely, some patients with only modest improvements in visual 

acuity report high levels of satisfaction and demonstrate improved subjective visual 

function.651  

 

A number of studies have investigated the degree of patient satisfaction following 

keratoplasty. Mendes et al652 reported that an improvement in vision-related quality of life 

scores after penetrating keratoplasty was associated with younger age, poorer preoperative 

visual acuity in the best eye, and postoperative contact lens use. Interestingly, postoperative 

acuity in the grafted eye was not associated with an improvement of visual function. The 

authors postulated that this was because visual function depends primarily on the vision in the 

better-seeing eye; a patient with good vision in the contralateral eye will have less room for 

improvement in visual function, even with a high level of improvement in visual acuity in the 

graft eye.652 Williams et al noted that patient dissatisfaction was more likely if visual acuity 

in the grafted eye was not expected to become better than visual acuity in the other eye. 

Dissatisfaction also appeared to be associated with graft failure and problems with contact 

lens wear. Satisfaction was associated with graft clarity and a perceived improvement in 

lifestyle. 

Uiters et al653 examined the relationship between objective and subjective outcomes measures 

and patient satisfaction after corneal transplantation. They reported that patient satisfaction 

was better predicted by subjective outcomes than by objective outcomes, with patient 

education being the best predictor of patient satisfaction. Quality of life and vision 

functioning were additional variables associated with patient satisfaction.  

 

Another important gauge of the success of keratoplasty is the speed at which the patient can 

achieve functional vision.654 In a study examining the visual recovery after penetrating 

keratoplasty for keratoconus, Sutton et al reported that 43.4%, 78.9% and 96.1% of patients 

achieved a best corrected visual acuity of 6/12 or better by 1,3 and 6 months, respectively.654 

Ideally patients should attain functional unaided, or at least spectacle-corrected visual acuity 

relatively early in the postoperative period.654 Patients who require a gas permeable contact 

lens in order to obtain their best vision may have to wait until after the sutures are removed in 

order to avoid potential suture related complications of contact lens wear. Moreover, it is 

important to remember that refraction may change following removal of sutures. 
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Study 
Time 

Frame 
Measure 

6/6 or 

better 

6/12 or 

better 

6/18 or 

better 

Less 

than 

6/60 

Current study 
2-year 

follow up 
BCSVA  58.7% 69.6% 10.7% 

Williams et al194 

Australian Corneal 

Graft Registry 

Last 

follow up 

BCVA(without 

pinhole) 
 65% 73% 15% 

Lim et al 

Australian Corneal 

Graft Registry 

 Preferred BCVA  87%   

Sutton et al 

Sydney Eye Hospital 

1-year 

follow up 

Unaided vision 7.6% 42.4%  3% 

BCVA 30.3% 97.9%   

Brierly et al 

University of 

California 

18-month 

follow up 
BCVA  87%   

Watson et al 

Moorfields Eye 

Hospital and  the 

Royal 

Shrewsbury Hospital 

Last 

follow up 
Preferred BCVA  87.5%   

Dandona et al 

L V Prasad Eye 

Institution 

Last 

follow up 

VA (not 

specified) 
  81.2%  

Jones et al650 

Ocular Tissue 

Advisory Group and 

Contributing 

Ophthalmologists 

2-year 

follow up 
BCVA 33%    

Claesson et al532 

Swedish Corneal 

Transplant Register 

2-year 

follow up 
Preferred BCVA  86%   

BCVA, best corrected visual acuity; BCSVA, best corrected spectacle visual acuity VA, visual 

acuity 

 

Table 9.2b An outline of previous studies examining visual outcomes following penetrating 

keratoplasty for keratoconus 
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The requirement for optical correction is another important consideration.  Many patients will 

require spectacles or a contact lens in order to achieve their best vision.111 In studies of 

keratoconic eyes undergoing keratoplasty, 23-50% of patients required gas permeable contact 

lenses in order to achieve a best corrected visual acuity of 6/12 or better.654-656 Contact lens 

intolerance secondary to discomfort or inconvenience may result in some patients preferring 

to accept less than best-corrected vision rather than wearing contact lenses.654 Consequently, 

some authors advocate that acuity of patients with corneal grafts should be assessed with their 

‘socially acceptable’ correction.111 

 

9.3 CONCLUSIONS  

In conclusion, improved visual function was the primary objective of corneal transplantation 

for the majority of cases examined in this study, echoing previous reports. Visual outcomes 

were comparable to those reported in the literature, with 58.7% of patients achieving a 2-year 

postoperative BCSVA of 6/12 or better. The majority of eyes with a surviving penetrating 

keratoplasty exhibited an improvement in visual acuity of 2 lines of more. Although a 

significant minority of patients experienced a decline in postoperative, compared with 

preoperative, visual acuity at the time of two-year follow up, over half of these patients 

achieved improved postoperative visual acuity at the time of latest follow up. The results of 

this study suggest that a preoperative visual acuity of 6/15 or worse should be considered the 

threshold for offering corneal transplantation. 
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Chapter 10 

 

Treatment Adherence 
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INTRODUCTION 

“Drugs don’t work in patients who don’t take them” 

Former Surgeon General C. Everett Koop, MD 

Poor adherence to treatment regimens is a significant problem in organ transplantation 

contributing substantially to increased morbidity and mortality, and escalating health care 

costs.380,657-659 Studies suggest that non-adherence is not equally common across all types of 

transplant recipients.657 For instance, immunosuppressant non-adherence is most common in 

kidney recipients, with a rate more than twice that observed in heart recipients and over five 

times greater than in liver recipients.657  

The prevalence of non-adherence in corneal transplant recipients is unknown. Several 

distinguishing features of keratoplasty may differentiate patterns of adherence amongst 

corneal graft recipients compared with other organ transplant recipients. First, keratoplasty is 

unique among forms of organ transplantation in that systemic immunosuppressive 

medications are not routinely used. Second, corneal graft failure does not pose a direct threat 

to life; unlike other forms of solid organ transplantation such as kidney, heart and lung. 

Finally, advances in modern eye banking have enabled the practice of corneal transplantation 

to become a scheduled procedure660 and consequently may influence how the transplant 

recipient perceives the procedure.  

Adherence may be assessed with reference to distinct components of the regimen such as 

medication compliance, conforming to lifestyle recommendations, and attending follow up 

appointments. It has been observed that average non-adherence rates vary considerably across 

individual components of the regimen.657 This variation has important implications as post-

transplant non-adherence cannot be considered as a single entity; rather, each specific 

component of the regimen must be evaluated independently.657  

Methods for measuring adherence may be divided into direct and indirect methods of 

measurement. Examples of direct measures of adherence include direct observed therapy and 

monitoring serum drug levels, whereas indirect measures include patient questionnaires, 

electronic medication monitors, and pill counts. In the current study, appointment compliance 

was selected as the method for measuring adherence given the retrospective nature of the 

study. 
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To date, the prevalence and risk factors for post-transplant non-adherence in corneal 

transplant recipients have not been thoroughly investigated. Given the importance of 

adherence to the long-term success of corneal transplantation it is important to evaluate the 

extent of non-adherence and to identify variables predictive of this.  

10.1 TREATMENT ADHERENCE 

Results 

A total of 777 penetrating keratoplasty procedures were identified. This corresponded to 689 

individual patients as some patients underwent more than one procedure during the time 

period. Two year follow up information was available for 635 grafts. Of these, 558 survived 

and 77 failed. Seventeen (2.2%) patients died during the follow up period, 56 (7.2%) were 

followed up in another centre, 9 (1.2%) were discharged and 60 (7.7%) were lost to follow up 

as a result of non-attendance. Patients who were deceased, discharged, or followed up in 

another treatment centre were excluded from analysis, leaving a total of 695 eyes. 

The mean number of scheduled appointments was 14.6 ± 7.2 (range1-79). Appointment 

compliance was classified as good in 476 (68.5%), moderate in 183 (26.3%) and poor in 34 

(4.9%) of the corneal transplants, however, detailed attendance information was not available 

for two transplant procedures. From the above attendance data four transplant patients failed 

to attend any scheduled appointments from the first postoperative day, conversely, 410 (59%) 

transplant patients attended all scheduled appointments. Over the 10 year study period, 695 

penetrating keratoplasty procedures were included and a total of 10,114 scheduled 

appointments were offered. Of these, a total of 1,065 (10.5%) appointments were not 

attended. 

 

Regular follow up was achieved in 97.1% (n=462) of patients with good appointment 

compliance, compared with 47.0% (n=86) of patients with moderate appointment 

compliance. Only one patient with poor appointment compliance achieved regular follow up. 

Furthermore, information on one and two year follow up was available for only 26.5% (n=9) 

and 21.0% (n=7) of patients with poor appointment compliance, respectively. 
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Association of ethnicity with 

poor attendance (p<0.0001) 
Odds Ratio 95% confidence interval 

European 1.5 0.4, 5.4 

Maori 7.3 1.9, 29.0 

Pasifika 6.8 1.8, 25.3 

Indian 3.3 0.7, 15.4 

Table 10.1a Influence of ethnicity on appointment compliance in patients undergoing 

penetrating keratoplasty in the Auckland region for the decade 2000-2009, (n=777 eyes) 

 

Type III Tests of Fixed Effects 

Effect Numerator DF Denominator DF F Value Pr > F 

Treatment centre – private or public 1 578 6.86 0.0091 

Gender 1 451.1 1.77 0.1836 

Age 1 497.2 1.20 0.2737 

Ethnicity 4 411.3 7.30 <.0001 

Level of deprivation 1 538.9 2.87 0.0910 

Proximity to treatment centre 1 578 14.88 0.0001 

Indication 7 578 0.50 0.8383 

Preoperative best corrected visual acuity 1 578 0.16 0.6862 

Previous intraocular surgery 1 578 0.60 0.4377 

Previous contralateral Graft 1 578 0.21 0.6488 

Atopy 1 410.5 0.94 0.3320 

Smoker 1 459.3 0.25 0.6168 

DF=degrees of freedom; Pr= probability; F= test statistic 

 

Table 10.1b Variables influencing appointment compliance in in patients undergoing corneal 

transplantation in the Auckland region for the decade 2000-2009 

In relations to patients who completed 2 year follow up, there was strong evidence of an 

association with good attendance and ethnicity (Table 10.1a). Maori and Pasifika ethnicities 
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were associated with the worst attendance, whereas European and Indian ethnicities were 

associated with higher levels of attendance. 

Treatment centre was shown to influence appointment compliance with private patients more 

likely to attend appointments than public patients (p=.009, OR 2.5 (1.3, 4.9). An association 

between proximity to treatment centre and appointment compliance was observed (p<.0001, 

OR 0.65 (95% confidence interval 0.52, 0.81). Patients domiciled further away from the 

treatment centre were more likely to attend. There was also weak evidence of an association 

of deprivation with appointment compliance (p=.09, OR 1.1 (1.0, 1.2), with those of higher 

deprivation less likely to attend.  Table 10.2 contains a summary of the Type III tests of fixed 

effects for all variables. 

 

Type III Tests of Fixed Effects 

Effect Numerator DF Denominator DF F Value Pr > F 

Treatment centre – private or public 1 644 1.89 0.1698 

Gender 1 557.5 2.11 0.1466 

Age 1 644 0.87 0.3510 

Ethnicity 4 623.5 2.18 0.0702 

Level of deprivation 1 600 0.23 0.6287 

Proximity to treatment centre 1 501.6 0.36 0.5507 

Indication 1 621.8 0.48 0.4889 

Preoperative best corrected visual acuity 1 644 0.17 0.6818 

Previous intraocular surgery 1 644 0.11 0.7448 

Previous contralateral Graft 1 436 0.01 0.9113 

Atopy 1 637.2 0.88 0.3498 

DF= degrees of freedom; Pr= probability; F= test statistic 

 

Table 10.1c Variables influencing follow up completion in in patients undergoing corneal 

transplantation in the Auckland region for the decade 2000-2009 

When looking at the binary outcome of ‘completed follow up or not’ the indication variable 

was removed from the model as there was insufficient data to allow fitting of the model 

including this 8 category variable. The only variable with (albeit weak) evidence of possibly 

being related to completing follow up was ethnicity (p=.07). The Maori ethnic group was the 
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most likely to not complete follow up whereas the Indian ethnic group was the most likely to 

complete follow up.  Table 10.1c contains a summary of the Type III tests of fixed effects for 

all variables. 

 

10.2 DISCUSSION  

The World Health Organisation defines adherence as “the extent to which a person’s 

behaviour corresponds with the agreed recommendations of a health care provider”.658 The 

term adherence rather than compliance is preferred by many health professionals as it implies 

a therapeutic alliance between the patient and physician as opposed to a paternalistic 

relationship.380  

Missed appointments are an important cause of inefficiency in healthcare delivery and are 

associated with substantial monetary costs.661 In the current study, a total of 1,065 (10.5%) 

scheduled appointments were not utilised as a result of patient non-attendance. This is of 

particular significance in a public health care system given the limited availability of both 

physical and human resources.  

The majority of patients (68.5%) demonstrated good appointment compliance, with 59% 

recording perfect compliance. However, a significant proportion of patients exhibited 

moderate (26.3%) and poor (4.9%) appointment compliance. The rate of non-attendance 

observed in this study of corneal transplant recipients is considerably higher than those 

reported in other forms of organ transplantation. A meta-analysis examining the rates of non-

adherence in solid organ transplantation reported the following rates of non-attendance; all 

types 5.8%, kidney 4.7%, and heart 8.5%.657 

 

Others have demonstrated that regular follow-up with the healthcare system has been shown 

to be one of the consistent features of successful interventions.662 De Geest et al investigated 

the clinical risk associated with appointment non-compliance in heart transplant recipients, 

and reported that 57% of the appointment non-compliers experienced 1 or more rejection 

episodes, compared to 2% of the appointment compliers.663 Missed appointments may lead to 

delays in clinical diagnosis and initiation of appropriate treatment.661 Furthermore, poor 

attendance at office visits correlates with failure to continue medication, a phenomenon 

known as “no show, no drops”.381 Interestingly, in the current study there was no correlation 

with appointment adherence and subsequent corneal transplant failure on multivariate 
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analysis. Howeer, it might be postulated that the patients with very poor attendane and 

transplant failure might not have been detected as they seldom returned for review and loss to 

follow up might bias the correlation between appointment attendance and transplant failure. 

Although little is known about non-adherence following keratoplasty, some of the lessons 

learned from adherence studies in other medical disciplines may provide a useful framework 

for considering adherence issues in corneal transplantation. In particular, glaucoma represents 

another chronic ocular condition requiring regular medical treatment and follow-up. 

Consequently, some of the paradigms derived from adherence studies in glaucoma could be 

of relevance to corneal transplantation. 

Adherence studies in the literature acknowledge several difficulties inherent in determining 

the prevalence and risk factors for non-adherence. Patients may be reluctant to admit to non-

adherence, and this may give rise to an underestimation of non-adherence rates.664 White-coat 

adherence is common, whereby patient adherence improves dramatically one week before the 

appointment with the health care provider, then declines rapidly.381 Moreover, studies of non-

adherence suggest that physicians are unable to reliably detect non-adherence in their 

patients.380,664 Furthermore, although adherence is often considered in binary terms (adherent 

or non-adherent) studies suggest 6 general patterns of medication taking among patients with 

chronic conditions: approximately one sixth approach close to perfect adherence to a 

regimen; one sixth take nearly all doses, but with a degree of timing irregularity; one sixth 

miss an occasional dose and have some timing irregularity; one sixth take drug holidays 3 to 

4 times per year, with occasional dose omissions; one sixth have a drug holiday monthly or 

more often, with frequent dose omissions; and one sixth take few or no doses while giving 

the impression of good adherence.380,664,665 

According to the World Health Organisation (WHO) there are 5 categories of risk factors for 

patient non-adherence. They include (i) socioeconomic factors, (ii) therapy-related factors, 

(iii) patient-related factors, (iv) condition-related factors and (v) health care system-related 

factors.658  

The influence of patient demographics on treatment adherence is variable by study. 

Demographic factors that have been identified as potential risk factors for non-adherence to 

long term therapies include “poverty, illiteracy, low level of education, unemployment, lack 

of effective social support networks, unstable living conditions, long distance from treatment 
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centre, high cost of transport, high cost of medication, changing environmental situations, 

culture and lay beliefs about illness and treatment, and family dysfunction.” 658 

In the current study, there was strong evidence of an association with good attendance and 

ethnicity. A number of previous studies have established the disadvantaged health profile of 

Maori in comparison with non-Maori across a number of health indicators.666-668 Although 

the Maori population is disproportionately represented in groups with lower education, 

income and occupation, the “persistently high Maori mortality rates, when controlled for 

social class, indicate that the poor state of Maori health cannot be explained solely by relative 

economic disadvantage.”666 Indeed, our results suggest that the influence of ethnicity on 

appointment compliance is independent of the level of deprivation, and the choice of 

treatment centre. 

 

Theoretically, low socioeconomic status may place individuals in the predicament of having 

to choose between competing priorities, including demands to direct limited resources to 

meet the requirements of other family members.658 In the current study, higher levels of 

appointment compliance were observed in patients receiving treatment in the private sector 

compared with the public sector. Furthermore, there was some evidence of an association of 

deprivation with appointment compliance, with those of higher deprivation less likely to 

attend.   

New Zealand’s healthcare system is funded primarily through general taxation making most 

public health system treatments free.140 Patients may choose to be seen privately for a number 

of reasons; however the major disadvantage of the private health system is cost. In view of 

the associated expense, patients who seek private health care could be considered to have 

greater financial security. Financial security could be expected to facilitate attendance by 

allowing greater flexibility with time away from work, transport and parking issues, and 

childcare. Alternatively, patients receiving treatment in the private sector may have chosen to 

emphasise health as a priority over other competing demands on their resources. Patients who 

prioritise health could reasonably be expected to show high levels of appointment 

compliance. 

Interestingly, patients domiciled further away from the treatment centre were more likely to 

attend appointments. A number of factors may account for this observation. Auckland is the 

largest tertiary referral centre for corneal transplantation in New Zealand, 140 and receives 
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referrals from all over the country and its Pacific neighbours. In New Zealand, district health 

boards (DHBs) are responsible for providing or funding the provision of health services in 

their district. Patients who are required to travel outside of their DHB for healthcare have 

their travel expenses provided by their local health board. This may result in higher levels of 

compliance. Furthermore, long distance travel requires planning and therefore necessitates 

considerable communication between the patient and the treatment provider. The increased 

requirement for communication between patient and treatment provider, coupled with the 

inconvenience associated with rescheduling missed appointments could be expected to result 

in higher levels of attendance compliance. 

Other Factors Influencing Treatment Adherence 

There is a propensity to focus on patient-related factors influencing adherence, to the relative 

neglect of provider and health system related determinants.658 Within a wider context, health 

care systems may create obstacles to adherence by limiting access to health care, using a 

restricted formulary, and having prohibitively high costs for treatment.380 According to 

Osterberg and Blaschke, physicians may also contribute to non-adherence by prescribing 

complex regimens, failing to adequately explain the medication rationale and side-effect 

profile, not giving consideration to the patient’s lifestyle or the cost of the medications, and 

having poor therapeutic relationships with their patients.380  

 

The Glaucoma Adherence and Persistency study examined physician beliefs and behaviours 

with respect to adherence.669 Analysis identified 3 clusters of physicians which the authors 

described on the basis of their predominant beliefs as ‘reactives, ‘skeptics’ and ‘idealists’.669 

The reactives were least likely to deliberate on the causes of non-adherence or to proactively 

address non-adherence in their patients. The skeptics were least likely to believe that they 

could modify patient adherence patterns. They were therefore unlikely to acknowledge their 

role in promoting adherence, or to educate patients about glaucoma. Idealists, though the 

smallest group, more often believed in addressing adherence and reported behaviour 

consistent with that objective, such as providing patient education, discussing drug therapies, 

and using telephone appointment reminders. 
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Strategies to Address Adherence Issues 

 

The results of the current study suggest that both ethnic and socioeconomic factors influence 

attendance. Strategies to address adherence issues in corneal transplant recipients in New 

Zealand should therefore consider the impact of these factors. A number of different methods 

have been employed to address adherence issues in long-term therapies. These may be 

grouped into four general categories: patient education, improved dosing schedules, improved 

access to health care facilities (including increased clinic opening hours), and improved 

communication between physicians and patients.669-671  

 

Cultural elements of the relationship between the patient and the treatment provider may have 

important implications for communication.670 Language barriers are not limited to the spoken 

word, but also encompass differences in stylistic oral and gestural patterns which are 

susceptible to misinterpretation by peoples of different cultural backgrounds.670 Furthermore, 

it is important to consider that health beliefs may be culture specific.664 Knowledge of the 

influence of culture on the transplant recipient’s perception of the disease is therefore very 

important.  

 

A patient’s perception of the disease will affect their approach to treatment.664 Patient 

education is therefore essential. A study of illness perception and treatment beliefs in 

hypertension patients demonstrated that patients who believed in the necessity of medication 

were more likely to be adherent.671 Other important predictors of adherence included an 

emotional response to illness and belief in personal ability to control illness.671 Interestingly, 

patient education has been shown to be ineffective when used in isolation; education should 

be accompanied by encouragement and support from the treating physician.664,672 

 

A recent Cochrane review of interventions for improving adherence to ocular hypotensive 

therapy concluded that interventions involving simplified dosing regimens, reminder devices, 

education and individualised care planning did show improvements in adherence rates. 673 

However, the authors commented that they were unable to advocate any particular 

interventions at this time due to inadequate methodological quality and heterogeneity of study 

design.673  
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Ideally, intervention strategies to improve the patient’s ability to follow a treatment regimen 

should embrace an expanded view that considers all potential barriers to adherence including; 

patient, provider and health care system related factors.380 

 

10.3 CONCLUSIONS 

The rate of non-attendance observed in our corneal transplant population appears to be 

considerably higher than that observed in other forms of organ transplantation. However, 

achieving long-term therapeutic and outcomes goals in corneal transplantation requires the 

collaborative involvement of the patient. Thus it is important to detect non-adherence, and to 

identify and address attendance barriers. The results of the current study suggest that both 

ethnic and socioeconomic factors play an influential role in attendance. In particular, patients 

of Maori and Pasifika ethnicity were associated with high rates of non-attendance. These data 

suggest that strategies to address adherence issues in corneal transplant recipients should 

consider the impact of ethnic and socioeconomic factors as potential barriers.  

 

[The preceding section has been published in large part as – Crawford AZ, Krishnan T, 

Ormonde SE, McGhee CN, Patel DV. Treatment adherence after penetrating corneal 

transplant in a New Zealand population from 2000 to 2009. Cornea. 2015;34(1):18-22.674] 
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11.1 CONCLUSIONS 

Introduction 

Diseases affecting the cornea are a major cause of blindness worldwide and corneal 

transplantation remains the primary method of visual rehabilitation in this context. Cornea 

transplantation is the most commonly performed transplantation procedure in New Zealand. 

However, no reliable data are available on the medium term outcomes of corneal 

transplantation in New Zealand and there is a dearth of major studies in the international 

literature. The research that constitutes this thesis aimed to provide a portrait of our unique 

New Zealand/Aotearoa population and its experience with corneal transplantation. 

Specifically, data analyses were performed to measure graft survival and visual outcome 

following corneal transplantation, and to investigate risk factors for corneal graft failure. 

 

Patient Characteristics 

 

Blindness secondary to corneal disease encompasses a wide variety of degenerative, 

dystrophic, infectious, inflammatory and traumatic eye conditions. Indeed, the epidemiology 

of corneal blindness is complex and exhibits geographic variations in both prevalence and 

aetiology. This chapter aimed to provide a portrait of the socioeconomic and demographic 

features of patients undergoing corneal transplantation in the greater Auckland region. 

Conclusions: 

 The age of transplant recipient eyes ranged from 3 to 95 years, with a median age of 

44 years (mean = 46.4 years [standard deviation = 20.4]) 

 The corneal transplant recipient group had significantly higher rates of Pasifika 

patients than the total New Zealand and Auckland populations 

 The corneal transplant recipient group had a significantly lower proportion of 

European patients than the total New Zealand population, but this was not significant 

when compared with the Auckland population 

 Approximately two-thirds of corneal transplantation procedures were performed in 

the public health system, and approximately one-third were performed in the private 

health system 

 Corneal ulceration and viral keratitis were significantly more likely to be performed in 

the public centre compared with the private sector 
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 Corneal dystrophy and trauma were significantly less likely to be performed in the 

public centre compared with the private sector 

 European and Indian ethnic groups were significantly more common in the private 

sector, whereas peoples of Maori and Pacific Island ethnicity were significantly more 

common in the public sector 

 The largest corneal transplant recipient group (eyes) corresponded to a deprivation 

index of 10, with 21.1% of public patients and 16.2%  of the total patient number 

represented in this group 

 Individuals undergoing corneal transplantation in the public sector were significantly 

more likely to reside in the most deprived 10 per cent of areas in New Zealand 

compared with private patients  

 Private patients were significantly more likely to reside in the least and second least 

deprived 10 per cent of areas in New Zealand compared with public patients 

 Tha majority of patients (65.9%) lived within a 25 kilometre (km) radius of the 

treatment centre; with 5.3%, 14.7%, and 45.9% living < 5km away, 5 to 10 km away, 

and > 10 to 25km away, respectively 

 Decreased vision was the most common reason (89.4%) for corneal transplantation  

 Keratoconus (41.3%) was the most common indication for corneal transplantation 

followed by regraft (21.0%)  

 Twenty-five percent of eyes undergoing penetrating keratoplasty had a contralateral 

corneal graft and 12.8% had a background of raised intraocular pressure 

 

Corneal Transplantation and Associated Procedures 

 

Full thickness replacement of corneal host with a full thickness donor button has long been 

the standard procedure for treating corneal opacification. In more recent years the field of 

corneal transplantation has evolved toward more targeted procedures that selectively replace 

only diseased layers of the cornea while retaining healthy layers. Echoing international 

trends, lamellar keratoplasty techniques increased from 3.8% of all transplants in the first 

year of the study period to more than one-third (36%) in the final year. The increase in 

lamellar keratoplasty techniques in the final year of the study heralded a sea change that has 

persisted in more recent years. Furthermore, the first Descemet’s membrane endothelial 

keratoplasty (DMEK) procedure was performed in Auckland in 2015. Although this 
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development is beyond the scope of the current study, it would be interesting for future 

research to compare the change in care in the subsequent decade. 

 

A number of variations in operative technique for corneal transplantation exist. Furthermore, 

corneal transplantation procedures may be performed in isolation or in combination with a 

variety of other surgical procedures. Moreover, further surgical intervention may be required 

following corneal transplantation. The indication for postoperative procedures may relate to 

the original corneal transplantation itself or may arise from independent factors.  

 

Conclusions: 

 On average, during the study period, 94 corneal transplantation procedures were 

performed per year (range: 51 – 117) 

 Penetrating keratoplasty (88.5%) was the most common type of corneal 

transplantation followed by anterior lamellar keratoplasty (7.7%), and Descemet’s 

stripping endothelial keratoplasty (3.0%) 

 The first endothelial keratoplasty procedure was performed in Auckland in August 

2008, and over the ensuing two years a total of 28 procedures were performed. 

However, by 2009, endothelial keratoplasty represented 20.2% of all corneal 

transplantation procedures 

 In penetrating keratoplasty eyes the majority of donor grafts (75.5%) were sized 

between 7.75mm and 8.25mm (range: 3.0 mm to 11.5 mm). The most common 

trephination combination involved a 0.25mm oversized donor using an 8.25mm donor 

trephine 

 In penetrating keratoplasty eyes, the most common suture technique employed was 

interrupted (47.4%), followed by combined interrupted/continuous (35.7%) and 

continuous alone (16.9%) 

 467 accompanying procedures were performed during 238 (28.5%) of the total 834 

penetrating graft procedures 

 The most common additional procedures accompanying corneal transplantation were; 

insertion of intraocular lens (11.5%), extracapsular cataract extraction (8.6%), anterior 

vitrectomy (5.6%), intraocular lens removal (2.8%), pupilloplasty (2.3%), and 

division of peripheral anterior synechiae (3.0%) 
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 Postoperative procedures were performed in 42.7% of penetrating keratoplasty eyes, 

41.1% of deep anterior lamellar keratoplasty eyes, and 42.9% of endothelial 

keratoplasty eyes 

 The most common postoperative procedures were; selective suture removal (15.3%), 

resuturing (12.0%), and phacoemulsification (8.0%) 

 

Postoperative Complications and Events 

Adverse events and complications may prejudice the success of a corneal graft, and in severe 

cases may threaten the integrity of the eye itself. These may arise during both the 

intraoperative and postoperative period. This chapter aimed to identify the adverse events and 

complications affecting patients undergoing corneal transplantation in the Auckland region. 

Corneal graft rejection is discussed separately in Chapter 7. 

 

Conclusions: 

 Intraoperative complications occurred in 112 (13.4%) penetrating keratoplasty 

procedures, 2 (2.7%) deep anterior lamellar keratoplasty procedures, and in 3 (11.1%) 

endothelial keratoplasty procedures.  

 The most common intraoperative complication was positive vitreous pressure which 

affected 6.8% of penetrating keratoplasty procedures, and 6.3% of all corneal 

transplant procedures 

 The most common postoperative complication was loose or broken sutures (30%) 

followed by dry eye (15.9%). Other common postoperative complications included 

epithelial defects (9.8%), wound dehiscence (3.4%) and microbial keratitis (3.2%) 

 The continuous suture form was least likely to develop loose or broken sutures 

 Older patients were less likely to develop loose or broken sutures compared with 

younger patients 

 Raised intraocular pressure was recorded in 36.6% of  penetrating keratoplasty eyes, 

28.8% of deep anterior lamellar keratoplasty eyes, and 35.7% of endothelial 

keratoplasty eyes 

 Raised intraocular pressure was the second leading association/cause of corneal graft 

failure (13%) after corneal graft rejection (35.1%) 
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 High rates of post-keratoplasty elevations in intraocular pressure were observed in 

eyes with bullous keratopathy (43.1%), corneal ulceration (55.6%), viral keratitis 

(50%) and trauma (50%) compared with eyes with corneal endothelial dystrophy 

(34.1%) and keratoconus (27%) 

 21.2% of eyes developing a rise in intraocular pressure in the post-graft period had a 

background of pre-existing glaucoma 

 Risk factors in the development of raised intraocular pressure post-keratoplasty were 

history of raised intraocular pressure and male gender. Maori and Pacific ethnicities 

were less likely to develop elevations intraocular pressure compared with ‘other’ 

ethnicities 

Corneal Graft Rejection 

Corneal graft rejection is a major postoperative complication following penetrating 

keratoplasty and is established as the single most important cause of graft failure in the 

intermediate and late postoperative period. This chapter aimed to identify the rate of corneal 

graft rejection in patients undergoing corneal transplantation in the Auckland region, and to 

identify risk factors for corneal graft rejection. 

Conclusions: 

 Corneal graft rejection occurred in 32.5% of penetrating keratoplasty eyes, 8.2% of  

deep anterior lamellar keratoplasty eyes, and 7.1% of endothelial keratoplasty eyes  

 Amongst penetrating keratoplasty eyes, the interval from transplantation to graft 

rejection ranged from 3 days to 117 months 

 On multivariate analysis, factors influencing the development of corneal graft 

rejection in penetrating keratoplasty eyes were size of the donor button and ethnicity 

 

Corneal Graft Survival 

The reported survival rate of penetrating corneal transplants varies between studies. 

Identification of possible risk factors influencing graft survival is essential to optimising 

patient selection criteria and counselling, and enhancing potoperative graft management 

strategies. This chapter aimed to determine the two year survival rate of penetrating corneal 

transplants and the risk factors for corneal graft failure in the Auckland region. 
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Conclusions: 

 The overall 2-year survival rate (87.9%) identified in this study was comparable to 

that of other survival rates reported in the literature  

 The two year graft survival rate was highest (95.6%) in patients with keratoconus 

 Six independent risk factors were found to be associated with an increased risk of 

graft failure on multivariate analysis; younger recipient age, preoperative best 

corrected visual acuity (BCVA), indication for corneal transplantation, previous 

contralateral graft, number of rejection episodes, and episodes of loose sutures 

 

Visual Outcomes 

Improved visual function is the primary objective of corneal transplantation in the majority of 

cases. The research in this chapter aimed to examine the visual outcomes of patients 

undergoing corneal transplantation in the Auckland region. 

Conclusions: 

 Improved visual function was the primary objective of the majority (89.6%) of eyes 

undergoing penetrating keratoplasty 

 58.7% of eyes with penetrating keratoplasty achieved a 2-year postoperative BCVA 

of 6/12 or better, and 69.6% achieved 6/18 or better. Two-year postoperative BCVA 

of less than 6/60 was observed in 10.7% (n=57) of eyes 

 Visual acuity improved by 2 lines or more in 67.0% of eyes with surviving 

penetrating keratoplasty, with 25.1% improving by 2-4 lines, 33.8% by 5-10 lines, 

and 8.1% by more than 10 lines. In 9.2% of cases, postoperative BCVA showed no 

change compared with pre-graft, and in 16.3% postoperative BCVA was worse than 

pre-graft 

 Over half of the 87 eyes (n=46) experiencing a postoperative decline in visual acuity 

at two year follow-up, achieved an improvement in postoperative visual acuity 

compared with preoperative visual acuity at the time of the last recorded visit 

 

Treatment Adherence 

Poor adherence to treatment regimens is a significant problem in organ transplantation 

contributing substantially to increased morbidity and mortality, and escalating health care 

costs. The prevalence of non-adherence in corneal transplant recipients is unknown. This 
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chapter aimed to evaluate the extent of appointment non-attendance, and to identify variables 

predictive of non-attendance.  

 The mean number of scheduled appointments was 14.6 ± 7.2 (range1-79) 

 Appointment compliance was classified as good in 476 (68.5%) patients, 

moderate in 183 (26.3%) patients and poor in 34 (4.9%) patients  

 Four patients failed to attend any scheduled appointments and were therefore lost 

to follow up from the first postoperative day 

 On multivariate analysis, there was strong evidence of an association with good 

attendance and ethnicity. Maori and Pacific Island ethnicities were associated with 

the poorer attendance, whereas European and Indian ethnicities were associated 

with higher levels of attendance. 

 Treatment centre was shown to influence appointment compliance with private 

patients more likely to attend appointments than public patients 

 Patients domiciled further away from the treatment centre were more likely to 

attend.  

 There was weak evidence of an association of deprivation with appointment 

compliance, with those of higher deprivation less likely to attend. 

 

This research, carried out over a two year period, set-out to analyse all corneal transplants 

performed in the Auckland region over the ten year period 1999-2009. A total of 941 

procedures and 770 patients were assessed, providing new knowledge and new insights into 

corneal transplantation in New Zealand as highlighted in the preceding conclusions. 
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SECTION V 

 

APPENDIX 
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APPENDIX 

4.1 PATIENT DEMOGRAPHICS 

AGE 

(years) 

Number of Grafts per Indication 

KC BK CD CU VK TR RPT Other TOTAL 

0 to 9 0 0 0 0 1 0 0 1 2 

10 to 19 49 2 0 2 1 1 2 3 60 

20 to 29 167 3 2 5 1 4 15 1 198 

30 to 39 102 1 8 14 4 6 22 5 162 

40 to 49 37 3 7 6 2 11 41 11 118 

50 to 59 24 9 11 9 7 10 40 6 116 

60 to 69 9 9 21 8 6 4 44 7 108 

70 to 79 1 28 48 9 5 7 23 6 127 

80 to 89 0 15 11 4 0 3 11 3 47 

90 to 99 0 2 0 1 0 0 0 0 3 

Total 389 72 108 58 27 46 198 43 941 

KC= keratoconus; BK= bullous keratopathy; CD=corneal dystrophy; CU=corneal ulceration; VK= 

viral keratitis; TR=trauma; RPT=repeat 

 

Appendix 4.1a Age distribution by indication of corneal transplant recipient eyes for the 

decade 2000–2009 (n=941 eyes) 
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Ethnicity 

Percentage by Population of Different Ethnic Groups 
Odds 

ratio 
P value Auckland Corneal Transplant Recipients 

by Indication 
New Zealand*† 

European 

Keratoconus 43.7 

64.8 

0.4214 <0.0001 

Bullous Keratopathy 73.6 1.52 0.1196 

Corneal Dystrophy 80.8 2.28 0.0041 

Corneal Ulceration 51.9 0.59 0.0492 

Viral Keratitis 56.0 0.69 0.3604 

Trauma 69.0 1.21 0.5368 

Repeat 75.2 1.65 0.0143 

Other 52.6 4.35 0.0003 

Maori 

Keratoconus 16.3 

14.0 

2.03 <0.0001 

Bullous Keratopathy 0.0 0.04 0.0258 

Corneal Dystrophy 1.3 0.08 0.0119 

Corneal Ulceration 14.8 1.07 0.87 

Viral Keratitis 32.0 2.88 0.0135 

Trauma 2.4 0.15 0.0603 

Repeat 10.9 0.75 0.2998 

Other 15.8 1.31 0.5455 

Pacific 

Islander 

Keratoconus 29.8 

6.6 

6.01 <0.0001 

Bullous Keratopathy 12.5 2.02 0.0484 

Corneal Dystrophy 3.8 0.57 0.3334 

Corneal Ulceration 20.4 3.62 0.0001 

Viral Keratitis 0.0 0.28 0.3691 

Trauma 19.0 3.33 0.0022 

Repeat 4.7 0.69 0.3747 

Other 21.1 4.35 0.0003 

*Self-reported data obtained from the 2006 National census; therefore some identified themselves 

with more than one ethnicity 

†Census Data 2006: Statistics New Zealand. Available at www.stats.govt.nz Accessed September 

4, 2013 

  

Appendix 4.1b Differences in the distribution of European, Maori and Pasifika ethnicities in 

the Auckland corneal transplant recipient population by indication (n=770) compared with 

the total New Zealand population (n= 4,027,947†) 

  

http://www.stats.govt.nz/
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Ethnicity 

Percentage by Population of Different Ethnic Groups 
Odds 

ratio 
P value Auckland Corneal Transplant Recipients 

by Indication 

Auckland 

Region*† 

European 

Keratoconus 43.7 

56.1 

0.597 <0.0001 

Bullous Keratopathy 73.6 2.15 0.0043 

Corneal Dystrophy 80.8 3.23 <0.0001 

Corneal Ulceration 51.9 0.83 0.4915 

Viral Keratitis 56.0 0.98 0.9598 

Trauma 69.0 1.72 0.1051 

Repeat 75.2 2.33 <0.0001 

Other 52.6 1.10 0.7847 

Maori 

Keratoconus 16.3 

11.1 

1.56 0.003 

Bullous Keratopathy 0.0 0.06 0.0413 

Corneal Dystrophy 1.3 0.10 0.0245 

Corneal Ulceration 14.8 1.39 0.387 

Viral Keratitis 32.0 3.77 0.002 

Trauma 2.4 0.20 0.1066 

Repeat 10.9 0.72 0.246 

Other 15.8 1.72 0.2299 

Pacific 

Islander 

Keratoconus 29.8 

14.4 

2.53 <0.0001 

Bullous Keratopathy 12.5 0.85 0.6465 

Corneal Dystrophy 3.8 0.24 0.0147 

Corneal Ulceration 20.4 1.52 0.2148 

Viral Keratitis 0.0 0.12 0.1323 

Trauma 19.0 1.40 0.3932 

Repeat 4.7 0.29 0.0031 

Other 21.1 1.83 0.1353 

*Self-reported data obtained from the 2006 National census; therefore some identified themselves 

with more than one ethnicity 

†Census Data 2006: Statistics New Zealand. Available at www.stats.govt.nz Accessed September 

4, 2013 

 

Appendix 4.1c Differences in the distribution of European, Maori and Pasifika ethnicities in 

the Auckland corneal transplant recipient population by indication (n=770) compared with 

the total Auckland population (n= 1,303,068†) 

 

 

 

 

http://www.stats.govt.nz/
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Deprivation index Public Private TOTAL 

n % n % n % 

1 (least deprived) 26 4.1 37 12.0 63 6.7 

2 34 5.4 32 10.4 66 7.0 

3 45 7.1 33 10.7 78 8.3 

4 35 5.5 18 5.8 53 5.6 

5 48 7.6 30 9.7 78 8.3 

6 90 14.2 30 9.7 120 12.8 

7 45 7.1 10 3.2 55 5.8 

8 90 14.2 30 9.7 120 12.8 

9 78 12.3 28 9.1 106 11.3 

10 (most deprived) 133 21.0 19 6.2 152 16.2 

Overseas  0 0.0 33 10.7 33 3.5 

Unknown  9 1.4 8 2.6 17 1.8 

TOTAL 633 100.0 308 100 941 100 

Appendix 4.1d Distribution of patient deprivation scores by treatment centre of corneal 

transplant recipients in the Auckland region for the decade 2000–2009, (n=941 eyes). The 

index scale ranges from 1 to 10, where 1 represents the least deprived areas and 10 represents 

the most deprived areas. A value of 10 indicates that the area is in the most deprived 10 per 

cent of areas on New Zealand. 

4.5 Discussion 

Study Centre Year Number Most Common Indication 

Brooks et al393 New Zealand 

National Eye Bank 

1982 to 

1986 

511 Keratoconus (37.2%) 

Edwards et al139 New Zealand 

National Eye Bank 

1990 to 

1999 

1,625 Keratoconus (42.3%) 

Cunningham et 

al 140 

New Zealand 

National Eye Bank 

2000 to 

2009 

2,205 Keratoconus (41.1%) 

Williams et 

al194 

Australian Corneal 

Graft Registry 
1985- 

16,291 Keratoconus (31.1%) 

Jeganathan et 

al569 

Royal Victorian Eye 

and Ear Hospital, 

Melbourne, Australia 

1998 to 

2006 

947 Aphakic/pseudophakic bullous 

keratoplathy (42.3%) 

 

Appendix 4.5a A summary of the leading indications for corneal transplantation in 

Australasia 
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Study Centre Year Number 
Most Common 

Indication 

Sharif et al 387 
Queen Victoria Hospital, 

East Grinstead 

1971 to 

1990 
3,555 Graft failure 40.8% 

Kervick et al 
394 

Royal Victoria Hospital, 

Belfast 

1980 to 

1988 
175 Keratoconus (28.6%) 

Claoué 419 St Thomas Hospital, London 
1981 to 

1986 
110 Viral keratitis (23%) 

Morris et al 395 
Moorfields Eye Hospital, 

London 

1985 to 

1987 
500 Keratoconus (34.2%) 

Vail et al 240 
Corneal Transplant Follow up 

Study 

1987 to 

1991 
3,184 Keratoconus (19.9%) 

Al-Yousuf et al 
354 

Corneoplastic Unit and Eye 

Bank 

1990 to 

1999 
784 Graft failure (40.9%) 

Stewart et al 398 
United Kingdom Transplant 

Register 

1999 to 

2006 
9,228 Keratoconus (24.9%) 

Rahman et al 
397 

Manchester Royal Eye Hospital 
2000 to 

2003 
203 Keratoconus (24%) 

Ting et al 396 
Ocular Pathology Laboratory, 

Glasgow 

2001 to 

2010 
921 Keratoconus (28.7%) 

 

Appendix 4.5b A summary of the leading indications for corneal transplantation in the 

United Kingdom 

 

Study Centre Year Number Most Common Indication 

Arentsen et 

al 408 
Wilmer Institute, Baltimore 

1941 to 

1973 
1,057 Graft failure (22.7%) 

Smith et al  
409 

Doheny Institute, 

Los Angeles 

1947 to 

1978 
710 Graft failure (15.5%) 

Robin et al 
420 

Doheny Institute, 

Los Angeles 

1979 to 

1983 
497 

Pseudophakic bullous 

keratopathy (15.5%) 

Mohamadi et 

al 421 

Doheny Institute, 

Los Angeles 

1984 to 

1988 
1,019 

Pseudophakic bullous 

keratopathy (28.2%) 

Flowers et al 
384 

Doheny Institute, 

Los Angeles 

1989 to 

1993 
1,104 

Pseudophakic bullous 

keratopathy (24.8%) 

Patel et al 417 
Mayo Clinic, 

Minnesota 

1976 to 

1986 
430 Fuchs’ dystrophy (25.1%) 

Lindquist et 

al 113 

University of Washington, 

Seattle 

1980 to 

1988 
1,584 Keratoconus (23.8%) 

Kang et al 411 
Duke University Eye 

Centre, North Carolina 

1980 to 

1981 
696 

Aphakic/pseudophakic bullous 

keratoplathy (19.4%) 

Kang et al 411 
Duke University Eye 

Centre, North Carolina 

1990 to 

1991 

Aphakic/pseudophakic bullous 

keratoplathy (20.6%) 
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Kang et al 411 
Duke University Eye 

Centre, North Carolina 

2000 to 

2001 
Graft failure (27%) 

Mamalis et 

al 400 

Intermountain Ocular 

Research Centre, Salt Lake 

City 

1981 to 

1990 999 Keratoconus (24.2%) 

Dobbins et al 
385 

Corneal Consultants of 

Indiana 

1982 to 

1996 
4,217 

Pseudophakic bullous 

keratopathy (31.5%) 

Brady et al 
378 

Wills Eye Hospital, 

Philadelphia 

1983 to 

1988 
2,299 

Pseudophakic bullous 

keratopathy (22.9%) 

Lois et al 410 
Wills Eye Hospital, 

Philadelphia 

1989 to 

1995 
2,442 Graft failure (17.8%) 

Cosar et al 
355 

Wills Eye Hospital, 

Philadelphia 

1996 to 

2000 
1,529 

Pseudophakic bullous 

keratopathy (27.2%) 

Ghosheh et 

al 422 

Wills Eye Hospital, 

Philadelphia 

2001 to 

2005 
1,162 

Pseudophakic bullous 

keratopathy (28.4%) 

Hyman et al 
423 

Medical Eye Bank of 

Maryland 

1985 to 

1988 
3,941 

Pseudophakic bullous 

keratopathy (22.8%) 

Eye Bank 385 
Eye Bank Association of 

American 

2011 
67,590 Fuchs’ dystrophy (20.8%) 

 

Appendix 4.5c A summary of the leading indications for corneal transplantation in the 

United States 
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Study Centre Year Number Most Common Indication 

Modis et al 
675 

University of Debrecen, 

Hungary 

1946 

to 

2005 

4,778 Scarring (26.9%) 

Lang et al 402 

University of Erlangen-

Nurnberg, 

Germany 

1964 

to 

1986 

1,618 Keratoconus (24.7%) 

Cursiefen et 

al 298 

University of Erlangen-

Nurnberg, 

Germany 

1992 

to 

1996 

1,250 Keratoconus (20.9%) 

Legeais et al 
357 

Hotel-Dieu, Paris 

1980 

to 

1999 

1,133 Keratoconus (28.8%) 

Konradsson 

et al 425 
Sweden 

1981 

to 

1996 

94 Other dystrophy (35%) 

Leger et al 676 
Hôpital Pellegrin, 

Bordeaux 

1982 

to 

2000 

1,540 
Aphakic/pseudophakic 

bullous keratoplathy (28.4%) 

Siganos et al 
426 

Multicentre: Athens General 

Hospital, Heraklion University 

of Crete, Thessaloniki 

Greece 

1982 

to 

2006 

2,233 
Aphakic/pseudophakic 

bullous keratoplathy (29.1%) 

Haamann et 

al 427 

Naestved Central-Sygehus, 

Denmark 

1984 

to 

1993 

180 
Pseudophakic bullous 

keratopathy (28.3%) 

Pahor et al 428 

Ophthalmology Department 

Teaching Hospital Maribor, 

Slovenia 

2000 

to 

2001 

290 
Aphakic/pseudophakic 

bullous keratoplathy (23.1%) 

Claesson et 

al 430 
Swedish Transplant Registry 1996 - 1957 

Aphakic/pseudophakic 

bullous keratoplathy (21%) 

Poinard et al 
429 

French National Waiting List 

2000 

to 

2001 

11,598 
Aphakic/pseudophakic 

bullous keratoplathy (27.7%) 

Wylegala et 

al 431 

District Railway Hospital,  

Katowice, Poland 

2000 

to 

2004 

517 
Aphakic/pseudophakic 

bullous keratoplathy (24.5%) 

Fasolo et al 
369 

Veneto Eye Bank Foundation, 

Italy 

2001 

to 

2004 

4,415 Keratoconus (46.9%) 

 

Appendix 4.5d A summary of the leading indications for corneal transplantation in Europe 
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Study Centre Year Number Most Common Indication 

Tan et al 391 
Singapore Corneal 

Transplant Study 

1991 to 

2003 
901 

Aphakic/pseudophakic bullous 

keratoplathy (23.4%) 

Chaidaroon et 

al 432 

Chiang Mai, 

Thailand 

1996 to 

1999 
45 

Aphakic/pseudophakic bullous 

keratoplathy (28.9%) 

Tabin et al 433 

Tilganga Eye Center, 

Kathmandu 

Nepal 

1994 to 

1999 
472 Scarring (27.3%) 

Xie et al 415 
Shangdong Eye 

Institute, China 

1996 to 

2002 
5,316 Ulcerative condition (30.7%) 

Wang et al 416 
Shangdong Eye 

Institute, China 

2005 to 

2010 
875 Ulcerative condition (37/1%) 

Dandona et al 
412 

Prasad Eye Institute, 

Hyderabad 

1987 to 

1995 
1,964 Graft failure (17.1%) 

Sony et al 434 
Prasad Eye Institute, 

Hyderabad 

1997 to 

2003 
2,022 Ulcerative condition (47.9%) 

 

Appendix 4.5e A summary of the leading indications for corneal transplantation in Asia 

Study Centre Year Number 
Most Common 

Indication 

Sano et al 
677 

Santa Casa of São Paulo, Brazil 
1991 to 

2005 
587 

Ulcerative 

condition (17.9%) 

Amaral et 

al 436 

Fundação Altino Ventura and Hospital de 

Olhos de Pernambuco, Pernambuco, 

Brazil 

1998 to 

2002 
814 

Ulcerative 

condition (21.3%) 

Flores et al 
406 

Hospital das Clínicas-UNICAMP, Brazil 
1999 to 

2003 
857 

Keratoconus 

(49.8%) 

Calix Netto 

et al 407 

Hospital Oftalmologico de Sorocaba, Sao 

Paulo, Brazil 
2003 102 

Keratoconus 

(65%) 

 

Appendix 4.5f A summary of the leading indications for corneal transplantation in South 

America 

Study Centre Year Number 
Most Common 

Indication 

Tilahan et 

al 

Addis Ababa University, 

Ethiopia 

2001 to 

2006 
111 Scarring (48.6%) 

 

Appendix 4.5g A summary of the leading indications for corneal transplantation in Africa 
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Study Centre Year Number 
Most Common 

Indication 

Damji et al 
401 

Ophthalmic Pathology Service, 

Vancouver 

1978 to 

1987 
659 Keratoconus (17.7%) 

Liu et al 389 Toronto Hospital 
1986 to 

1995 
904 

Pseudophakic bullous 

keratopathy (28.5%) 

Dorrepaal et 

al 413 
Toronto Western Hospital 

1996 to 

2001 
794 Graft failure (26.9%) 

Sheldon et 

al 678 

Department of Pathology and 

Laboratory Medicine, 

Vancouver 

Published 

2012 
? 

Aphakic bullous 

keratopathy (21%) 

 

Appendix 4.5h A summary of the leading indications for corneal transplantation in Canada 

Study Centre Year Number 
Most Common 

Indication 

Yahalom et al 386 
Hadassah-Hebrew University, 

Israel 

1961 to 

2000 
1,684 Keratoconus (28.4%) 

Al-Towerki et al 
390 

King Khaled Hospital, 

Saudi Arabia 

1983 to 

1987 
8,318 

Scarring (52%) 

Al-Towerki et al 
390 

King Khaled Hospital, 

Saudi Arabia 

1998 to 

2002 
Keratoconus (40.2%) 

Kanavi et al 404 
Central Eye Bank of IR of 

Iran 

1994 to 

2004 
19,668 Keratoconus (34.5%) 

Claesson et al 405 St John’s Hospital, Jerusalem 
2001 to 

2002 
154 Keratoconus (51%) 

 

Appendix 4.5i A summary of the leading indications for corneal transplantation in the 

Middle East 
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Study (n=) Period Region Intervals PBK% ABK% 

Smith et al 409 710 1947 to 1978 

Doheny Institute, USA 

 

1947 to 1978 7.9 10.6 

Robin et al 420 497 1979 to 1983 1979 to 1983 17.5 10.9 

Mohamadi et 

al 421 
1,019 1984 to 1988 1984 to 1988 28.2 8.6 

Flowers et al 
384 

1,104 1989 to 1993 1989 to 1993 24.8 6.4 

Yahalom et al 
386 

 

1,681 1961 to 2000 

Hadassah-Hebrew 

University, Israel 

 

1961 to 1970 0 4.4 

1971 to 1980 1.2 8.2 

1981 to 1990 13.8 1.2 

1991 to 2000 10.5 1.3 

TOTAL 8.4 3 

Sharif et al 387 

 
3,555 1971 to 1990 

Queen Victoria 

Hospital, UK 

1971 to 1975 0 4 

1976 to 1980 0 11.6 

1981 to 1985 1.1 4 

1986 to 1990 6.7 4 

TOTAL 2 5.9 

Dobbins et 

al385 

 

4,217 
1982 to 1996 

 

Corneal Consultants of 

Indiana, USA 

1982 to 1986 33.3 16.8 

1987 to 1991 37 8.4 

1992 to 1996 25.3 3.8 

TOTAL 31.5 7.5 

Brooks et 

al393 
511 1982 to 1986 

New Zealand National 

Eye Bank, NZ 

1982 to 1986 3.3 8 

Edwards et al 
139 

1,625 1990 to 1999 1990 to 1999 17.9 

Cunningham 

et al 140 
2,205 2000 to 2009 2000 to 2009 13.9 

Brady et al 378 

 
2,299 1983 to 1988 

Wills Eye Hospital, 

USA 

1983 to 1988 22.9 14.4 

Lois et al 410 

 
2,442 1989 to 1995 1989 to 1995 26 7.8 

Cosar et al 355 

 
1,529 1996 to 2000 1996 to 2000 27.2 3.7 

Ghosheh et al 
422 

1,162 2001 to 2005 2001 to 2005 28.4 2.2 

Haamann et 

al 427 

 

180 1984 to 1993 

Naestved Central-

Sygehus, 

Denmark 

1984 to 1988 9.8 14.8 

1989 to 1993 37.8 7.6 

TOTAL 28.3 10 

PBK=pseudophakic bullous keratopathy; ABK=aphakic bullous keratopathy 

 

Appendix 4.5j Studies illustrating the changing importance of aphakic and pseudophakic 

bullous keratopathy as indications for corneal transplantation 
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5.3 ASSOCIATED PROCEDURES 

Lens Type Details of Lens 
Number of 

Cases 
Lens Power in Diopters 

Posterior 

Chamber 

IOL 

MA60BM 25 

12, 15, 15, 17.5, 18.5, 20, 20, 20, 20.5, 20.5, 

21, 21, 21.5, 21.5, 21.5, 22, 22, 22.5, 23, 23, 

24, 25, 26, 26, 26, (2x unknown) 

SA60AT 14 9,14,14.5,17,18,20,21,21,21.5,22,23,23.5,24,25 

SN60AT 3 23, 23.5, 24 

MA60MA 2 0,3 

CLRFLXS 7 12, 14.5, 14.5, 15, 19, 21, 21.5 

PS59NB 15 
17, 17.5, 17.5, 18, 19, 19, 19.5, 19.5, 20, 20.5, 

21.5, 21.5, 22, 27, 27 

MC50BD 14 
12, 12.5, 20, 20, 20.5, 21.5, 22, 22, 23, 23, 

23.5, 24, 24, 24.5 

MZ60BD 2 20, 21.5 

SN60WF 1 25 

Scleral-

sutured 

PCIOL 

CZ70BD 8 
14, 15.5, 19, 19.5, 20.5, 24, 24, 25.5 

 

IOL and 

Morcher 

Segments 

MA60BM and 

Morcher 
2 20, 21.5 

Morcher 

GMBH 67G 

Morcher 

GMBH 67G 
12 

17, 18, 18, 18, 20.5, 20.5, 21.5, 22, 22, 23, (2x 

unknown) 

Unknown Unknown 3 Unknown 

  

Appendix 5.3a Details of the type of lens implanted in penetrating keratoplasty eyes in the 

Auckland region for the period 2000-2009, (n=834 eyes) 
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5.4 POSTOPERATIVE PROCEDURES 

 

Indication Type of lens Interval From Keratoplasty to 

Cataract Extraction (months) 

Regraft Aphakic 20 

Keratoconus Spherical 16 

Keratoconus Spherical 17 

Keratoconus Spherical 108 

Keratoconus Spherical 39 

Keratoconus Spherical 37 

Keratoconus Spherical 25 

Keratoconus Spherical 26 

Keratoconus Spherical 8 

Keratoconus Spherical 30 

Keratoconus Spherical 37 

Keratoconus Spherical 15 

Corneal Dystrophy Spherical 24 

Corneal Ulceration Spherical 19 

Corneal Ulceration Spherical 1 

Corneal Ulceration Spherical 23 

Viral Keratitis Spherical 24 

Viral Keratitis Spherical 14 

Viral Keratitis Spherical 54 

Regraft Spherical 16 

Regraft Spherical 28 

Regraft Spherical 5 

Regraft Spherical 19 

Other Spherical 8 

Other Spherical 30 

Other Spherical 19 

Trauma Sulcus spherical 29 

Regraft Sulcus spherical 51 

 

Appendix 5.4a Details of the eyes that underwent postkeratoplasty cataract extraction with 

insertion of a spherical lens in the Auckland region for the decade 2000-2009, (n=941 eyes) 
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Indication Type of lens Interval From Keratoplasty to Cataract Extraction (months) 

Keratoconus Toric 103 

Keratoconus Toric 61 

Keratoconus Toric 86 

Keratoconus Toric 41 

Keratoconus Toric 28 

Keratoconus Toric 34 

Keratoconus Toric 49 

Keratoconus Toric 32 

Keratoconus Toric 29 

Keratoconus Toric 18 

Keratoconus Toric 36 

Keratoconus Toric 28 

Keratoconus Toric 19 

Keratoconus Toric 35 

Keratoconus Toric 24 

Keratoconus Toric 26 

Keratoconus Toric 25 

Corneal Dystrophy Toric 77 

Corneal Dystrophy Toric 48 

Corneal Dystrophy Toric 25 

Corneal Dystrophy Toric 30 

Corneal Dystrophy Toric 48 

Corneal Dystrophy Toric 25 

Corneal Dystrophy Toric 8 

Corneal Ulceration Toric 106 

Corneal Ulceration Toric 16 

Corneal Ulceration Toric 23 

Corneal Ulceration Toric 15 

Viral Keratitis Toric 33 

Viral Keratitis Toric 21 

Regraft Toric 92 

Regraft Toric 40 

Regraft Toric 86 

Regraft Toric 17 

Regraft Toric 63 

Regraft Toric 48 

Regraft Toric 27 

Regraft Toric 20 

Regraft Toric 24 

Regraft Toric 33 

Regraft Toric 38 

Regraft Toric 26 

Regraft Toric 46 

Regraft Toric 17 

Regraft Toric 21 

Other Toric 44 

Other Toric 14 

Appendix 5.4b Details of the eyes that underwent postkeratoplasty cataract extraction with insertion 

of a toric lens in the Auckland region for the decade 2000-2009 
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Indication Type of lens Interval from Keratoplasty to Insertion of Secondary 

Intraocular Lens (months) 

Viral Keratitis ACIOL 102 

Trauma ACIOL 12 

Regraft Iris clip 26 

Keratoconus Sulcus 35 

Corneal 

Dystrophy 

Sulcus 8 

Corneal 

Dystrophy 

Sulcus 7 

Corneal 

Dystrophy 

Sulcus 7 

Corneal 

Dystrophy 

Sulcus 8 

Corneal 

Dystrophy 

Sulcus 15 

Corneal 

Dystrophy 

Sulcus 8 

Regraft Sulcus 19 

Regraft Sulcus 51 

Other Sulcus 1 

Viral Keratitis Sutured Morcher 

IOL 

69 

Regraft Sutured Morcher 

IOL 

20 

Trauma Sutured PCIOL 48 

Regraft Sutured PCIOL 48 

Corneal 

Dystrophy 

Sutured toric PCIOL  38 

Trauma Sutured toric PCIOL  18 

Corneal 

Dystrophy 

Toric sulcus 27 

 ACIOL, anterior chamber intraocular lens; PCIOL, posterior chamber intraocular lens 

 

Table 5.4c Details of the eyes receiving a secondary intraocular lens implant following 

keratoplasty in the Auckland region for the decade 2000-2009, (n=941 eyes) 
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Indication Incisional Technique Interval Incisional Technique (months) 

Bullous keratoplasty Compression sutures 24 

Corneal Dystrophy Compression sutures 22 

Corneal Dystrophy Compression sutures 16 

Corneal Dystrophy Compression sutures 36 

Trauma Relaxing incisions 27 

Keratoconus Relaxing incisions 26 

Keratoconus Relaxing incisions 57 

Keratoconus Relaxing incisions 40 

Keratoconus Relaxing incisions 22 

Keratoconus Relaxing incisions 25 

Corneal Dystrophy Relaxing incisions 22 

Corneal Ulceration Relaxing incisions 23 

Corneal Ulceration Relaxing incisions 10 

Regraft Relaxing incisions 19 

Keratoconus Combined 23 

Keratoconus Combined 26 

Keratoconus Combined 90 

Keratoconus Combined 39 

Keratoconus Combined 29 

Keratoconus Combined 26 

Keratoconus Combined 22 

Keratoconus Combined 33 

Bullous keratoplasty Combined 30 

Bullous keratoplasty Combined 23 

Bullous keratoplasty Combined 37 

Bullous keratoplasty Combined 31 

Bullous keratoplasty Combined 33 

Corneal Dystrophy Combined 20 

Corneal Dystrophy Combined 23 

Corneal Ulceration Combined 34 

Corneal Ulceration Combined 26 

Viral Keratitis Combined 94 

Viral Keratitis Combined 44 

Viral Keratitis Combined 24 

Trauma Combined 33 

Regraft Combined 64 

Regraft Combined 22 

Regraft Combined 20 

Regraft Combined 36 

Regraft Combined 20 

Other Combined 56 

Appendix 5.4d Details of the eyes undergoing incisional techniques postkeratoplasty in the Auckland 

region for the decade 2000-2009 
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6.2 POSTOPERATIVE COMPLICATIONS AND EVENTS 

Indication Suture Form Interval (days) Management 

Keratoconus Continuous 0 conservative 

Keratoconus Continuous 1 conservative  

Keratoconus Continuous 1 conservative 

Keratoconus Continuous 1 conservative 

Keratoconus Continuous 1 conservative 

Keratoconus Continuous 1 conservative 

Keratoconus Continuous 7 conservative 

Keratoconus Interrupted 1 conservative 

Keratoconus Interrupted 1 conservative 

Keratoconus Interrupted 3 resutured 
Keratoconus Interrupted 3 resutured 
Keratoconus Interrupted 4 resutured 
Keratoconus Interrupted 7 resutured 
Keratoconus Mixed 1 Bandage contact lens 
Keratoconus Mixed 3 resutured 
Keratoconus Mixed 1 conservative 

Corneal Dystrophy Continuous 1 conservative  

Corneal Dystrophy Mixed 1 conservative 

Corneal Dystrophy Mixed 1 conservative 

Corneal Dystrophy Mixed 1 conservative 

Corneal Ulceration Interrupted 1 resutured 

Corneal Ulceration Interrupted 2 resutured 

Viral Keratitis Interrupted 2 resutured 
Trauma Interrupted 1 conservative 

Trauma Interrupted 7 resutured 
Regraft Interrupted 1 conservative 

Regraft Interrupted 1 conservative  

Regraft Interrupted 1 conservative  

Regraft Interrupted 1 resutured 
Regraft Interrupted 2 conservative 
Regraft Interrupted 2 conservative 
Regraft Interrupted 2 conservative 
Regraft Interrupted 3 conservative 
Interval = Interval from keratoplasty to wound leak (days) 

 

Appendix  6.2a Details of the eyes associated with spontaneous corneal graft wound leak in 

the first post-operative week in the Auckland region for the decade 2000-2009, (n=941 eyes) 
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Indication Age Gender Type of 

Conjunctivitis 

Topical Treatment Outcome 

Keratoconus 37 Female Adenoviral  Conservative Resolved 

Bullous 

keratopathy 

73 Female Adenoviral Chloramphenicol Resolved 

Corneal 

Dystrophy 

78 Female Adenoviral  Chloramphenicol Resolved 

Other 81 Male Adenoviral  Tobramycin 0.01%  Resolved 

Viral Keratitis 54 Male Adenoviral  Chloramphenicol Resolved 

Keratoconus 34 Female Adenoviral  Chloramphenicol Resolved 

Keratoconus 26 Female Adenoviral  Chloramphenicol Resolved 

Keratoconus 26 Female Adenoviral  Conservative Resolved 

Viral Keratitis 56 Male Adenoviral  Ciprofloxacin 0.3% and 

Fluorometholone 0.1%  

Resolved 

Regraft 54 Female Adenoviral  Fluromethalone 0.1% Resolved 

Regraft 32 Male Adenoviral  Ciprofloxacin 0.3% eye drops Resolved 

Keratoconus 28 Male Adenoviral  Chloramphenicol Resolved 

Keratoconus 29 Male Adenoviral  Artificial Tears Resolved 

Keratoconus 39 Female Adenoviral  Chloramphenicol Resolved 

Keratoconus 21 Female Adenoviral  Chloramphenicol Resolved 

Corneal 

Ulceration 

84 Female Bacterial  Fusidic acid 1% eye drops Resolved 

 

Appendix 6.2b Details of the 16 patients who developed conjunctivitis in the grafted eye in 

the post-keratoplasty period in the Auckland region for the decade 2000-2009, (n=941 eyes) 

  



327 
 

 

Appendix 7.2 CORNEAL GRAFT REJECTION 

Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Maguire et al635 

The 

Collaborative 

Corneal 

Transplantation 

Studies 

(n=457) 

Younger recipient age 

Regrafts 

Previous anterior segment surgery 

Preoperative glaucoma 

Quadrants of anterior synechiae 

Quadrants of stromal 

neovascularisation 

Primary diagnosis of chemical burn 

Blood group ABO incompatibility 

Donor and corneal preservation 

characteristics 

 

Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

The 

Collaborative 

Corneal 

Transplantation 

Studies– Cross 

Match Study 241 

(n=37) 

 HLA incompatibility 

 

Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Hoffman and 

Pahlitzsch636 

Berlin 

(n=390) 

Preoperative diagnosis of chemical 

burn, regraft, red eye with dilated 

corneal vessels, or perforated 

corneal ulcers 

Transplant size  ≥7.5mm 

Blood or fibrin in the anterior 

chamber in the immediate 

postoperative period 

HLA incompatability 

Preoperative diagnosis of a cornea 

guttata, Fuchs corneal dystrophy, 

keratoconus, leukoma corneae in a non-

reddened eye 
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Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Inoue et al 248 

Tokyo University 

Hospital 

(n=271) 

Corneal neovascularisation 

Prolonged operative time 

Younger donor age 

Suture technique 

 

Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Boisjoly et al 637 

(n=348) 

Primary diagnosis of herpetic, 

interstial or traumatic keratitis 

Transplant size ≥ 8mm 

Regraft 

Recipient age < 60 years 

Recipient corneal vascularisation 

Donor age 

Gender 

Past blood transfusions 

Number of pregnancies 

 

Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Vail et al 240 

Corneal 

Transplant 

Follow Up Study 

(n=2,777) 

Larger grafts 

Poor HLA matching at HLA class I 

antigens 

Matched HLA-DR antigens 

Recipient age below 10 years 

Glaucoma 

Bullous keratopathy 

Inflammation 

Regrafts 

Donor factors 

 

Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Küchle et al 639 

Erlangen, 

Germany 

1997-2001 

(n=397) 

Atopic dermatitis 

Clinically manifest tear 

insufficiency 

Short duration of graft storage 

 

Dry eye 

Dry eye before rejection episode 

Age 

Gender 

Surgeon 

Graft Diameter 

Post-mortem time 

Duration of postoperative epithelial 

defects 
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Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Stulting et al242 

The Cornea 

Donor Study 

(n=1,090) 

Pseudophakic or aphakic bullous 

keratopathy 

Female gender 

Donor age 

Donor recipient ABO compatibility 

 

Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Jonas et al 204 

Erlangen, 

Germany 

1989-1997 

(n=338) 

Loosening of sutures 

Preoperative and postoperative 

corneal vascularisation 

Male gender 

Graft Diameter 

Age 

HLA incompatibility 

Donor age 

Preservation data of the donor material 

 

Authors 
Variables Associated with Corneal 

Graft   Rejection 

Variables Not Associated with Corneal 

Graft   Rejection 

Sellami et al 638 

Tunisia 

(n=285) 

Preoperative corneal 

neovascularisation in ≥ 2 quadrants 

Preoperative diagnoses of infectious 

keratitis 

Congenital glaucoma 

Regrafts 

Larger grafts 

Anterior vitrectomy 

Synechiolysis 

Peripheral iridectomy 

Paediatric age group 

Triple procedures 

 

Appendix 7.2a A summary of previous studies examining potential risk factors for corneal 

graft rejection in the international literature 
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Appendix 8.2 CORNEAL GRAFT SURVIVAL 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Williams et 

al194,359 

Australian 

Corneal Graft 

Registry 

(n=14,622) 

 Transplant centre 

 Transplant location 

 Volume of surgeon’s case-load 

 Preoperative diagnosis of regraft, 

corneal dystrophy, bullous 

keratopathy, viral keratitis, scars and 

opacities, and other 

 Number of previous ipsilateral grafts 

 Lens status (aphakic or pseudophakic) 

 Corneal neovascularisation at 

transplantation 

 History of ocular inflammation 

 History of raised intraocular pressure 

 Graft diameter 

 Postoperative graft neovascularisation 

 Postoperative rejection 

 Time of removal of graft sutures 

 Arrangements for follow up 

 Refractive surgery in follow up 

 Cause of Donor Death 

 Type of retrieval 

 Donor age 

 Death to enucleation 

time 

 Death to graft time 

 Storage medium 

 Optisol storage time 

 Recipient sex 

 Donor-recipient sex 

match 

 Recipient age 

 Paediatric recipients – 

indication 

 Bullous keratopathy 

 Descemetocoele 

 Type of corneal 

dystrophy 

 Vitrectomy at graft 

 Triple or staged 

procedures 

 Uveitis or synechiae 

 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Price et al 190 

Corneal 

Consultants of 

Indiana 

(n=3,992) 

 

 Use of topical glaucoma medications 

 Deep stromal vascularisation  

 Diabetes mellitus 

 Peripheral anterior synechiae 

 Recipient race 

 Small trephination size 

 No corneal donor 

characteristics 

 Recipient gender 

 Recipient age 

 Hypertension 

 Accompanying secondary 

IOL 
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Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Sit et al187 

Toronto 

Western 

Hospital 

(n= 468) 

 Preoperative diagnosis of bullous 

keratopathy, viral keratitis, bacterial 

ulcer, trauma, radiation keratitis, 

band keratopathy, and corneal 

scarring 

 Presence of peripheral anterior 

synechiae  

 Postoperative rejection  

 Post-operative corneal 

neovascularization 

 Recipient age 

 Recipient gender 

 History of raised 

intraocular pressure 

 Type of operative 

procedure 

 Lens status 

 Hostbed size 

 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Patel et al192 

New Zealand 

National Eye 

Bank Study 

(n=1,629) 

 Preoperative diagnosis of regraft of 

trauma 

 Postoperative rejection 

 Preoperative raised intraocular 

pressure 

 Active inflammation at time of 

grafting 

 Preoperative corneal 

neovascularisation 

 Graft size (<7.25mm and > 8.5mm) 

 Intraoperative complications 

 Donor age 

 Recipient age 

 Anterior vitrectomy 

 

 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Tan et al391 

The 

Singapore 

Corneal 

Transplant 

Study 

(n= 1,130) 

 

 Recipient gender 

 Recipient age 

 Graft size  

 Graft endothelial status  

 Primary diagnosis of bullous 

keratopathy, Fuchs endothelial 

dystrophy and regraft 

 Raised intraocular pressure 

 Active inflammation 

 Perforation 

 Preoperative corneal 

neovascularisation 

 Donor age 

 Recipient ethnicity 

 Concurrent operative 

procedures 
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Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Yamagami et 

al446 

University of 

Tokyo 

Medical 

School  

(n=698) 

 Preoperative endothelial dysfunction 

 Preoperative raised intraocular 

pressure 

 Preoperative corneal vascularisation 

 Presence of peripheral anterior 

synechiae  

 Preoperative diagnosis of aphakia or 

pseudophakia 

 Older donor age 

 

 Recipient age 

 Death to enucleation time 

 Enucleation to graft time 

 Suturing procedures 

 Use of viscoelastic agents 

 Triple procedure 

 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Maguire et 

al635 

The 

Collaborative 

Corneal 

Transplantatio

n Studies 

(n=457) 

 Recipient age 

 Number of previous grafts 

 History of previous anterior segment 

surgery 

 Preoperative raised intraocular 

pressure 

 Quadrants of anterior synechiae 

 Quadrants of stromal vessels 

 Primary diagnosis of chemical burns 

 Blood group ABO incompatibility 

 Donor characteristics 

 Donor storage medium 

 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Vail et al240 

Corneal 

Transplant 

Follow Up 

Study 

 (n=2,777) 

 Volume of surgeon’s case-load 

 Younger recipient age 

 Purely cosmetic and/or therapeutic 

indications 

 Mixed suture form 

 Preoperative corneal 

neovascularisation 

 Active uveal inflammation 

 Stromal oedema 

 Preoperative diagnosis 

 Donor Factors 
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Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Sugar et 

al479,647 

The Cornea 

Donor 

Study  

(n=1,090) 

 Preoperative diagnosis of bullous 

keratopathy  

 Preoperative glaucoma surgery with 

preoperative glaucoma medication use  

 Recipient age 

 Recipient gender 

 Recipient diabetes 

 Recipient past medical 

history of smoking 

 Graft diameter 

 Donor age 

 Donor retrieval type 

 Donor processing factors 

 Death to enucleation time 

 Enucleation to graft time 

 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Fasolo et al193 

Corneal 

Transplant 

Epidemiologic

al Study 

(n=998) 

 Previous grafts 

 All preoperative diagnosis except for 

pseudophakic bullous keratopathy 

 Preoperative ocular inflammation 

 Preoperative ocular infection 

 Lens status (aphakic or pseudophakic) 

 Vitrectomy 

 Graft Descemet folds at follow up 

 Adverse reactions/ complications 

 Volume of surgeon’s case-load 

 Preoperative raised 

intraocular pressure 

 Systemic diseases 

 Other ocular diseases 

 Additional procedures  

 Stromal infiltrates in 

follow up 

 Epithelial defects in 

follow up 

 Blepharitis in follow up 

 Conjunctivitis in follow 

up  

 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Rahman et al 
397 

Manchester 

Royal Eye 

Hospital 

(n=203) 

 Preoperative corneal vascularisation  

 Additional surgical procedures 

 Raised intraocular pressure 

 Postoperative rejection 

 Donor age 

 Donor endothelial count 

 Death to enucleation time 

 Death  to graft time 

 Graft diameter 

 Recipient age 
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Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Dandona et 

al447 

L V Prasad 

Eye 

Institution 

(n=1,725) 

 Preoperative diagnosis of regraft, 

aphakic bullous keratopathy, and 

corneal clouding due to 

miscellaneous causes including 

congenital conditions and glaucoma 

 Lower socioeconomic status 

 Age ≤ 10 years 

 Preoperative neovascularisation 

 Quality of donor cornea 

 Preoperative diagnosis of 

keratoconus, corneal 

dystrophies, corneal scar 

other than adherent 

leucoma, pseudophakic 

bullous keratopathy 

 

 

Authors 
Variables Predicting Graft Failure in 

Multivariate Analysis 

Variables Not Predicting Graft 

Failure in Multivariate Analysis 

Wagoner et 

al191 

King Khaled 

Eye Specialist 

Hospital 

Cornea 

Transplant 

Study Group 

(n=910) 

 Donor age (only in eyes with bullous 

keratopathy) 

 Preoperative diagnosis 

 Postoperative complications (only in 

eyes with bullous keratopathy) 

 Death to enucleation time 

 Death to graft time 

 Donor endothelial cell 

density 

 Recipient gender 

 Region of residence 

 Visit compliance 

 

Appendix 8.2a A summary of previous studies examining potential risk factors for corneal 

graft failure in the international literature 
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Appendix 9.1 VISION OUTCOMES 

 

Appendix 9.1a Keratoconus: Best corrected visual acuity in the grafted eye preoperatively 

and at 2-year follow up in the Auckland region for the decade 2000-2009 

 

Appendix 9.1b Keratoconus: Changes in best corrected visual acuity following penetrating 

keratoplasty at two year follow up compared with preoperatively in the Auckland region for the 

decade 2000-2009 
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Appendix 9.1c Bullous Keratopathy: Best corrected visual acuity in the grafted eye 

preoperatively and at 2-year follow up in the Auckland region for the decade 2000-2009 

 

 

Appendix 9.1d Bullous Keratopathy: Changes in best corrected visual acuity following 

penetrating keratoplasty at two year follow up compared with preoperatively in the Auckland region 

for the decade 2000-2009 
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Appendix 9.1e Corneal Dystrophy: Best corrected visual acuity in the grafted eye 

preoperatively and at 2-year follow up in the Auckland region for the decade 2000-2009 

 

Appendix  9.1f Corneal Dystrophy: Changes in best corrected visual acuity following penetrating 

keratoplasty at two year follow up compared with preoperatively in the Auckland region for the 

decade 2000-2009 
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Appendix  9.1g Corneal Ulceration: Best corrected visual acuity in the grafted eye 

preoperatively and at 2-year follow up in the Auckland region for the decade 2000-2009 

 

Appendix 9.1h Corneal Ulceration: Changes in best corrected visual acuity following penetrating 

keratoplasty at two year follow up compared with preoperatively in the Auckland region for the 

decade 2000-2009 
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Appendix 9.1i Viral keratitis: Best corrected visual acuity in the grafted eye preoperatively 

and at 2-year follow up in the Auckland region for the decade 2000-2009 

 

Appendix 9.1j Viral Keratitis: Changes in best corrected visual acuity following penetrating 

keratoplasty at two year follow up compared with preoperatively in the Auckland region for the 

decade 2000-2009 

 

 

0

10

20

30

40

P
e

rc
e

n
ta

ge
 o

f 
G

ra
ft

s

Best Corrected Snellen Visual Acuity

Viral Keratitis: Best Corrected Snellen 
Visual Acuity Preoperatively and at Two 

Year Follow-Up

Preoperative Two Year Follow up

0

2

4

6

8

10

12

14

16

-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

P
e

rc
e

n
ta

ge
 o

f 
G

ra
ft

s

Lines of Change on Snellen Chart

Viral Keratitis: Number of Lines of Change 
in Best Corrected Visual Acuity at Two Year 
Follow-Up Compared with Preoperatively



340 
 

 

Appendix 9.1k Trauma: Best corrected visual acuity in the grafted eye preoperatively and at 

2-year follow up in the Auckland region for the decade 2000-2009 

 

 

Appendix 9.1l Trauma: Changes in best corrected visual acuity following penetrating keratoplasty 

at two year follow up compared with preoperatively in the Auckland region for the decade 2000-

2009 
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Appendix 9.1m Regraft: Best corrected visual acuity in the grafted eye preoperatively and at 

2-year follow up in the Auckland region for the decade 2000-2009 

 

Appendix 9.1n Regraft: Changes in best corrected visual acuity following penetrating keratoplasty 

at two year follow up compared with preoperatively in the Auckland region for the decade 2000-

2009 
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Appendix 9.1o Other: Best corrected visual acuity in the grafted eye preoperatively and at 2-

year follow up in the Auckland region for the decade 2000-2009 

 

Appendix 9.1p Other: Changes in best corrected visual acuity following penetrating keratoplasty at 

two year follow up compared with preoperatively in the Auckland region for the decade 2000-

2009 
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