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ABSTRACT
The series of studies comprising this thesis was developed to answer a number
of key inter-related questions in regard to eye banking and corneal
transplantation in New Zealand.
The source and management of donor tissue procured by the New Zealand
National Eye Bank (NZNEB) was analysed. Significant trends were identified with
respect to donor demographics, donor procurement source, improved donor
tissue processing and storage, decreased biological contamination, and
increased utilization of corneal tissue.
Current trends and ethnicity differences in indications for penetrating keratoplasty
(PKP) were investigated. Keratoconus was identified as the most common
indication for PKP in New Zealand, accounting for a significantly higher
proportion of PKPs than other published reports. Keratoconus was the most
common indication for PKP throughout all ethnicity groups and was patrticularly
common in the Maori and Polynesian populations. Significant trends were
identified including an increase in the number of PKPs for regraft and Fuchs’
endothelial dystrophy and a decrease for aphakic or pseudophakic builous
keratopathy and viral keratitis.
Survival and visual outcome following PKP in New Zealand was investigated
using univariate and multivariate analysis. Several independent risk factors were
identified that influenced outcome of PKP. Active inflammation at PKP, pre-
existing vascularisation, pre-operative glaucoma, small or large graft size, intra-

operative complications, episodes of reversible rejection and a pre-operative
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diagnosis of regraft, trauma or infection resulted in a significantly decreased
survival rate. Advancing recipient age, active inflammation at the time of PKP,
pre-existing vascularisation, pre-operative glaucoma, episodes of reversible
rejection, bullous keratopathy, trauma and non-infective keratitis were associated
with poor visual outcome.

Patient characteristics, indications, surgical details, and outcome of paediatric
keratoplasty were analysed. Acquired non-traumatic indications accounted for
the majority of paediatric keratoplasties in New Zealand. This study highlighted
keratoconus as a particularly common indication for paediatric keratoplasty when
compared to other countries. Survival and visual outcome was better for acquired
compared to congenital indications.

The effects of corneal parameters on the measurement of endothelial cell density
(ECD) in the normal eye were analysed. Corneal thickness appears to be
negatively correlated to ECD in the normal cornea for all age groups. Corneal
diameter is correlated to ECD measurement in children but not in adults. Corneal
curvature was not significantly correlated to ECD measurement, but this needs
further investigation.

Confocal microscopy and slit scanning topography were used to analyze
endothelial morphology and function in the short and long term following PKP.
The results of this study are in concordance with other published reports that
have identified an accelerated loss of endothelial cells and more rapid
development of abnormal endothelial cells in transplanted corneas compared to

normal corneas.
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Chapter 1

Structure and Function of the Cornea
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1.1 Introduction

The cornea is a transparent, avascular tissue that forms the anterior one-sixth of
the outer fibrous coat of the eyeball. The cornea has essential optical and
protective functions. The cornea acts like a window allowing the transmission of
light to the retina, and it forms the principal refractive surface of the eye. The
cornea also provides a resistant, mechanically tough, and chemically resistant
barrier between the eye and the environment. The cornea has become highly
specialised to meet these diverse functions, and this chapter provides a brief

outline of its unique structural and functional features.

1.2 Gross corneal anatomy

The cornea is elliptical in shape when viewed anteriorly, with the average
horizontal diameter 11.7 mm and vertical diameter 10.6 mm." When viewed
posteriorly, the cornea is circular with an average diameter of 11.7 mm." The
central third of the anterior surface (the optical zone, 4 mm diameter) is
approximately spherical (radius of curvature 7.8 mm) and provides the majority of
optical function.? The periphery of the anterior surface flattens asymmetrically
(greater nasally than temporally).® This asymmetry is an important consideration
when performing surgical procedures and with contact lens fitting.* The posterior
surface is almost spherical with a radius of curvature of 6.8 mm.> The mean

corneal thickness is greater peripherally (0.67 mm) than centrally (0.52 mm).°
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The periphery of the cornea is continuous with the sclera (remaining five-sixth of
outer fibrous coat of the eyeball), episcleral tissue and conjunctiva, and they
merge in a 1-2 mm wide transitional zone termed the limbus. There is an
extensive vascular supply to the limbus,® which has an important role in
supplying the peripheral cornea. The tear film covers the anterior surface of the

cornea and the posterior surface is directly bathed by aqueous humor.

1.3  Microscopic corneal anatomy
The cornea is composed of five distinct tissue layers, which are (from anterior to
posterior): 1) corneal epithelium, 2) Bowman's layer, 3) corneal stroma, 4)

Descemet’s membrane, 5) and corneal endothelium (figure 1:1).

Figure 1:1 Microscopic appearance of the cornea. (Ep = Epithelium, BL = Bowman’s layer,
S = Stroma, DM = Descemet’s membrane, E = Endothelium)
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1.3.1 Corneal epithelium

The corneal epithelium is 50-90 um thick, consists of 5-6 layers of cells, and
represents approximately 10% of the total corneal thickness.” The epithelium is
stratified, squamous and non-keratinized. The epithelium consists of 3-4
superficial flattened squamous cell layers, 1-3 mid-epithelial ‘wing’ celi layers,
and 1 basal cell layer.® ® The basal layer consists of columnar cells, arranged in
a palisade-like manner, strongly attached to the basal lamina of the corneal
epithelium via hemidesmosomal-like structures.® Peripherally, the corneal

epithelium is continuous with that of the conjunctiva.’®

The corneal epithelium is self-renewing with complete turnover occurring in 5-7
days."" Mitosis is confined to the basal cell layer. The daughter cells migrate
anteriorly, differentiating into wing and then squamous cells before desquamation
from the apical surface. Basal cells are renewed by the centripetal migration of

new basal cells originating from the limbal stem cells."’

1.3.2 Bowman’s layer

Bowman’'s layer is an acellular homogenous zone, 8-14 pum thick, lying
immediately subjacent to the basal lamina of the corneal epithelium.'? It is
composed of collagen fibrils (types |, lll, V, and VI) and associated proteoglycans
densely woven in a random manner into a felt-like matrix. In the posterior region

of this layer the collagen fibrils become progressively more orderly, blending with
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those of the anterior stroma.'?"® Bowman'’s layer is perforated in many places by

unmyelinated nerves in transit to the corneal epithelium.*?

Bowman’s layer has several functions: it provides a strong barrier against
infective agents and surface tumours; it provides resistance to mechanical
trauma; and plays a role in maintaining the smooth anterior surface of the

cornea.'®

1.3.3 Stroma

The stroma is a dense connective tissue layer that constitutes approximately
90% of the corneal thickness. The major components of the stroma are collagen
lamellae (approximately 200-300), ground substance and collagen-producing

fibroblasts (keratocytes).'” '®

The collagen lamellae are arranged in layers parallel with each other and with the
corneal surfaces.’® The arrangement is more regular in the posterior stroma than
in the anterior stroma. In the posterior stroma the lamellae form strap-like ribbons
which run at right angles to those in consecutive layers.’ In the anterior stroma
the lamellae are narrow and interweaved. Each stromal lamella comprises a
band of collagen fibrils arranged in parallel.”’ The predominant collagen in the
stroma is type | (50-55%) with smaller amounts of type HlI, V, and VI.2' The
collagen fibrils have a small (30 nm) and consistent diameter, and there is a

highly uniform interfibrillar distance. ' 2> These characteristic features are
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essential for the cornea to achieve its dual properties of transparency and high

tensile strength.

The collagen fibrils are embedded in a proteoglycan ground substance, which
has an important role in maintaining interfibrillar spacing.?’ The primary
glycosaminoglycans of the stroma are keratin sulphate and dermatan sulphate.?’
Keratocytes only occupy 2-3% of the stromal volume but are of major importance
for the production and turnover of collagen and ground substance.”® They are
located predominantly between collagen lamellae and are long, flattened, stellate
cells. The keratocytes are organised as a syncytium, forming a communication

network through their branching processes.*

1.3.4 Descemet’s membrane

Descemet's membrane is the basement membrane of the corneal endothelium. It
is secreted by the endothelium and first appears in the second month of
gestation.? Its thickness increases throughout life from 3-4 um at birth to 10-12
pum by late adulthood.™ Two distinct regions can be discerned by electron
microscopy; the anterior one-third is produced in fetal life and displays an
irregular banded pattern, the posterior two-thirds is formed after birth and has a
homogenous granular structure.”> Descemet's membrane is composed of
characteristic basement membrane components: glycoproteins such as laminin
and fibronectin, type IV collagen, and lesser amounts of type V, VIII, 1X, and Xl

collagen.?®
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In the ageing cornea there may be focal overproduction of basement membrane
material by endothelial cells, resulting in peripheral excrescence’s called Hassal-
Henle warts.?’ Descemet's membrane may also be involved in pathological
states of the endothelium, such as with Fuchs' endothelial dystrophy and
posterior polymorphous dystrophy.?” Descemet’'s membrane is not strongly
attached to the stroma and can be detached in pathological conditions or

dissected surgically.?®

1.3.5 Endothelium

The human corneal endothelium is a single layer of cuboidal, hexagonai cells,
which line the posterior corneal surface.?® The corneal endothelium is not a true
endothelium; it is derived from the neural crest and therefore of neuroectodermal

rather than vascular origin.?

The endothelial cells are approximately 4-6 um in height and 20 ym in width.?®
Neighbouring endothelial cells integrate into each other by lateral wall folds and
finger-like projections. The cells are firmly bound together by occluding junctions
and communicate extensively through numerous gap junctions.29 The basal cell
membrane is attached to Descemet's membrane by modified hemidesmosomes.
The apical cell membrane is relatively flat and exhibits microvilli. The intracellular
space of the cells is occupied by a large nucleus and numerous organelles,
including mitochondria, endoplasmic reticulum and Golgi’s apparatus.’® These

features reflect the high metabolic activity of endothelial cells.
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The cornea is supplied with a relatively fixed population of approximately 500,000
endothelial cells at birth.*! Although mitosis can occur in young endothelial cells,
it is infrequent in the adult, and injured cells are not replaced. A gradual decrease
in endothelial cell density and an increase in size variation (polymegathism) and
shape variation (pleomorphism) occur with age.31 At birth, endothelial cell
densities range from 3500 to 4000 cells/mm?2, while the adult cornea normally has
cell densities of 1400 to 3500 cell/mm?2.>? After injury, damaged cells are replaced
by the spreading of cells from adjacent zones, the cells increasing in area but

decreasing in height.*

1.4 Corneal innervation

The cornea is one of the most densely innervated tissues in the body - 100 times
more sensitive than the conjunctiva and 300 times more sensitive than skin.*
Sensory nerves are derived from the ophthalmic division of the trigeminal nerve

and reach the cornea mainly via the long ciliary nerves.

Approximately 60-80 myelinated branches enter the anterior corneal stroma.
After 2-3 mm they lose their myelin sheaths and divide into 2 groups - anterior
and posterior. The anterior nerves (40-50) pass through the substance of the
stroma and form a dense subepithelial plexus. From this plexus, the nerves
penetrate Bowman'’s layer and supply terminal endings to the corneal epithelium.
The posterior group of nerve fibres supplies the posterior stroma.** * A supply to

Descemet's membrane or the endothelium has not been demonstrated. A sparse
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sympathetic innervation derived from the superior cervical ganglion is also
present in the human cornea, although its role is unknown. Parasympathetic

innervation has not been identified in the human cornea.>* °

1.5 Tear film

The preocular tear film covers the anterior surface of the cornea and has several
important functions: it creates a smooth optical surface, essential for the
refractive properties of the cornea; it bathes and lubricates the ocular surface,
preventing corneal dehydration; it is the primary source of oxygen and other
nutrients to the cornea; and it provides a protective extracellular environment for

the corneal epithelium.?® *

The tear film consists of three layers: a superficial lipid layer (0.1 ym), produced
by the Meibomian glands and the glands of Moll and Zeis; an aqueous layer (7.0
pm), produced by the main and accessory lacrimal gland; and a mucin layer
(0.02-0.05 um), produced by conjunctival goblet cells.®® ** The normal tear
thickness is about 7-10 pm and the normal tear volume about 6-8 ul.*® Water
comprises approximately 98% of the total tear film volume. Important factors
contained within the tear film include: electrolytes, glucose, immunoglobulins,
lactoferrin, lysosome, albumin, histamine, growth factors, interleukins, and

prostaglandins.>®
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1.6 Basic corneal physiology

1.6.1 Corneal nutrition and metabolism

The cells of the cornea require considerable metabolic activity in order to
maintain normal corneal function. Carbohydrate metabolism, with glucose as the
main substrate, is the primary source of energy for corneal cells.*” Most of the
glucose is derived from the aqueous humor, with a small amount (10%) from the
limbal vasculature and tear film. The corneal epithelial cells are also able to store
glycogen, which is used when free glucose is insufficient.>” The main metabolic
pathways for glucose utilization are the anaerobic Embden-Meyerhof pathway
(glycolysis) and the aerobic Krebs cycle.®® *® A small fraction of glucose is also

diverted to the hexose monophosphate shunt.

The oxygen supply to the corneal epithelium is predominantly derived from the
atmosphere, via diffusion form the tear film.*® The endothelium and stroma are
supplied with oxygen derived from the aqueous humor.*® The oxygen content of
tears (155 mmHg) is significantly greater than that of the aqueous humor (40
mmHg), corresponding to the epithelium’s higher demand for oxygen.40 During
sleep or closed-eye conditions, oxygen is delivered to the cornea via the highly

vascularised superior palpebral conjunctivae.

1.6.2 Control of stromal hydration
The control of stromal hydration is essential for corneal transparency. Although

the corneal stroma is the most hydrated tissue in the body (78-80% water), it is
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normally maintained in a relatively dehydrated state, in comparison to its ability to
absorb water.”’ The stroma has an inherent tendency to imbibe water and swell.
This is called the imbibition pressure and is due to the water attracting properties
of the proteoglycans in the extracellular matrix.*® *' The stromal swelling must be
counteracted in order to maintain normal corneal hydration.** ** This is achieved
through the metabolic pump function of the endothelium, and the barrier function

of both the corneal epithelium and endothelium.**

The metabolic pump of the corneal endothelium plays the greatest role in active
dehydration of the stroma.*® The corneal stroma has a Na* concentration of 179
m/EqL, with a Na* activity of 134 m/EqL (45 m/EqL bound).** The aqueous
humor contains only unbound Na* with an activity of 143 m/EqL. Therefore, a
Na* gradient exists such that water is removed from the stroma by osmosis.** °
This Na® gradient is generated by the active metabolic pumping of Na* from
endothelial cells into the extracellular space by Na*/K* ATPase (located on lateral
membranes). *® Other essential components of endothelial ion transport include a
HCO3 ~ pump and a Na’/H" exchanger. Carbonic anhydrase is also present in
endothelial cells and converts metabolic CO2 to HCO3™.*¢ Although the complete
details have yet to be elucidated, the above components can be assembled into

a model that explains ion transport and osmotic water flow across the

endothelium (figure 1:2).
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Both the corneal epithelium and endothelium act as barriers to the movement of
ions and water into the stroma.’” *® The greatest resistance to electrolyte
diffusion lies in the epithelium, primarily the surface layers.*® The epithelial cell
outer membranes are relatively impermeable to the passage of ions, and the
epithelial cells are connected to surrounding cells by tight junctions which also
significantly impede ion flow.*® The barrier function of the endothelium is
maintained by the elaborate interdigitations of cell borders and the occlusive tight

junctions between adjacent cells.*”*°

Na* adivity = 134 mEq/l
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Figure 1:2 Model of ion and water transport across the corneal endothelium. Activity of
the metabolic pump sets up an osmotic gradient resulting in the movement of water from
the stroma to the aqueous humor balancing the leak of fluid from the aqueous humor into
the stroma. CA = carbonic anhydrase. (Based on models proposed in Jentsch TJ, et al:
Curr Eye Research 4:361, 1985 and Kuang K, et al: Exp Eye Research 50: 487, 1990)
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1.7 Corneal wound healing

The corneal epithelium heals by a combination of three separate processes:
basal cell migration, mitosis and differentiation.>® *' Following a corneal abrasion,
the basal cells at the wounds edge begin preparation for migration. They retract,
thicken, and lose their hemidesmosomal attachments to the basal memmbrane.
There is increased synthesis of glycoproteins, glycolipids and various proteins.
Cell migration begins with 5-6 hours of injury and progresses at a constant rate of
60-80 um/hr until the entire wound area is covered. °* > As the plate of basal
cells move centripetally, the overlying epithelial layer thins and follows the basal
cells. New epithelial cells are produced by mitosis to replace the migrating cells.
Mitosis occurs in a 3-5 mm zone behind the leading edge of the wound.** %3

Following wound closure, basal cells reform adhesion complexes to the

basement membrane and the epithelium thickens.

The stroma heals more slowly than other connective tissues due to its avascular
nature. Following injury, keratocytes undergo migration, proliferation, and

%55 This process is stimulated by the release

transformation into myofibroblasts.
of certain cytokines, such as interleukin (IL)-1, Fas ligand and tumour necrosis
factor.”**® Simultaneously, inflammatory cells invade the injured stroma,

attracted by chemotactic factors. Stromal regeneration is dependent on a

cytokine-mediated interaction between epithelial cells and keratocytes.*
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The fibroblasts produce collagen, glycoproteins and proteoglycans which form
the new extracellular matrix.®® Within the first week following injury, single
collagen bundles are seen along the surface of fibroblasts.’” By week three a
dense network of fibrils is present, some arranged in tight parallel arrays and
others randomly oriented. At 4 months no discernable pattern of collagen
deposition is seen, but by 2 years the lamellar collagen pattern is re-
approximated.57 The strength of corneal scars never reaches that of uninjured

tissue. Bowman'’s layer has no regenerative abilities and heals by scarring.

Endothelial cells in humans and other primates have minimal or no capacity to
replicate by mitosis and therefore endothelial wound healing is largely dependent
on enlargement and movement of surrounding cells to cover a wound site. >890
This is in contrast to rabbits wherein endothelial cells are capable of extensive
mitosis.?® Human endothelial wound repair is thus achieved by endothelial cells
sliding over the stromal or Descemet’s surface, or more usually over a fibronectin

sub-matrix.®* The endothelium is responsible for the deposition of a new

Descemet's layer throughout the wound area.
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2.1 Moist Chamber Storage

In 1937, Filatov®' first described the use of moist chamber storage of enucleated
donor eyes. In this method the enucleated eye is placed in a sterile glass
chamber and moistened by a saline or antibiotic solution. The corneas are stored
at 4°C for up to 48 hours (optimal period 24 hours).%” This moist chamber storage
was used successfully for over forty years (and is still used in some countries).
The main advantages of this technique are its simplicity and low cost. The
primary disadvantage is the extremely limited storage duration of 24-48 hours.®®
This is because the endothelium of a cornea stored on the globe is subjected to
the toxic accumulation of metabolic waste and necrotic tissue in the stagnant

aqueous humor.%*

2.2 Hypothermic Corneal Storage

2.2.1 MK Medium

One of the most significant advancements in eye banking was the introduction of
corneal preservation medium for the storage of excised corneal-scleral donor
rims.%® In 1974, McCarey and Kaufman®® identified that New Zealand rabbit
cornea stored in modified tissue culture medium at 4°C appeared to be viable for
up to 14 days. The McCarey and Kaufman medium (MK medium) consisted of an
existing tissue culture medium, TC199, modified by the addition of dextran as a
osmotic agent to compensate for the inactivity of the cornea’s normal water
removal mechanism at 4°C.%*> % Laboratory studies identified that the human

corneal endothelium remained viable for up to 4 days when stored in MK
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medium,® although, several studies reported that there was no significant
difference in the success rates of corneal transplants whether the donor corneas
were stored using MK medium (up to 72 hours) or the moist chamber
technique.®®®® However, MK medium increased reliable storage duration to 2-3

days and rapidly became the storage method of choice for eye banks.®

2.2.2 Storage media containing Chondroitin Sulphate

Chondroitin sulphate was identified as the essential ingredient required to
prolong corneal storage duration at 4°C.%? Chondroitin sulphate is presumed to
play an important role in the intracellular redox system as an antioxidant, and as
a membrane and growth factor stabilizer.®? In 1985, Kaufman et al’® introduced
K-Sol (Alcon Laboratories, Inc., Fort Worth, Texas, U.S.A.), a 4-(2-hydroxyethyl)-
1-piperazineethanesufonic acid (HEPES)-buffered tissue culture medium
containing 2.5% chondroitin sulphate.”’ K-Sol successfully increased corneal

storage duration at 4°C to 7-10 days.”® "#7

One of the problems identified with chondroitin sulphate-containing medium was

,”* which had not been a significant factor with

the tendency for corneas to swel
dextran-containing medium. An improved medium, Dexsol (Chiron Vision
Corporation, Irvine, CA, U.S.A.) was introduced that contained both chondroitin
sulphate and dextran. In 1991, Optisol (Bausch & Lomb Surgical, Irvine, CA,

U.S.A.) was introduced, which was a combination of the best characteristics of K-

Sol and Dexsol. Kaufman et al”® in a comparative study between Optisol and
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Dexsol identified improved endothelial cell morphology and thinness of the
Optisol corneas after 14 days of storage. Lass et al’® in a subsequent clinical
study comparing paired corneas stored in Optisol and Dexsol identified no
significant difference in postoperative clinical or endothelial morphometric
parameters. At present the storage medium most commonly used in the United
States is Optisol GS (Bausch & Lomb Surgical), which contains both gentamicin
and streptomycin for broad spectrum antimicrobial activity.”” Although original
publications suggested Optisol may be suitable for up to 14 days storage, the

maximum storage duration accepted by most eye banks is 7-10 days.®

2.3 Organ Culture

The organ culture method of corneal storage was first introduced in 1976 by

|,78

Doughman et al,”® and has since been further developed by researchers in the

United States and Europe.”®®

The organ culture method uses storage
temperatures between 31-37°C and theoretically allows corneal storage for up to
35 days.®® Several studies have shown that endothelial cell morphology and
density are well maintained even up to 35 days of storage with organ culture 8458
Bourne et al®® identified no significant difference in post-surgical endothelial cell
survival or eventual corneal thickness between donor corneas stored for a mean
of 21 days in organ culture medium and those stored for a mean of 39 hours in

MK medium. The major difference was an initial increased thickness of the

corneal stroma in the organ-cultured group, but this resolved after 3 weeks.®
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Various studies have reported primary graft failure rates ranging from 0 to 3%

with organ culture storage.® 8¢ 87.89.90

Reported advantages of the longer preservation period with organ cuiture
storage include improved microbiological screening and elimination of infectious
agents, time for donor tissue typing for high risk recipients, and improved
management of corneal tissue — allowing corneal transplantation to be performed
as an elective surgical procedure.’’ These advantages have seen organ culture
adopted as the preferred method of corneal storage in the United Kingdom and
Europe.®® 9% However, the disadvantages of increased cost and greater
technical complexity associated with organ culture storage have limited its use in

other parts of the world 8 929
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Chapter 3

Current Techniques in Corneal
Transplantation
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3.1 Penetrating keratoplasty

Penetrating keratoplasty (PKP) is the most common corneal transplant procedure
performed and occurs when the full-thickness diseased host corneal tissue is
excised and replaced with full thickness healthy donor corneal tissue.” The first
successful PKP was performed in 1905 by Zirm,*® and through the contributions
of many others has evolved significantly over the last century.’” By the 1970s
PKP was a relatively commonplace procedure with increasingly refined
techniques.®® Over the last 30 years there have been further advancements in
surgical technique, including improvements in trephination, suturing, combined

procedures, adjunctive aids, and treatment of ensuing refractive errors.*

The initial step in PKP is preparation of the donor corneal button. Hand-held
trephines and corneal endothelial punch systems are the two current techniques
most commonly used for trephination of the donor cornea.®® The hand-held
trephine technique is most commonly used in developing countries due to its
reduced cost.” This technique typically uses a Teflon cutting block with a
concave depression into which the donor cornea is placed, with the epithelial
surface downwards.®® '® Trephination from the endothelial surface has been
shown to result in less endothelial damage and cleaner cuts than trephination
from the epithelial surface.'® "' A variety of different trephines have been
developed, but the standard trephine consists of a disposable circular stainless
steel blade on a handle. The donor cornea is cut by punching rather than rotating

the blade as this results in less endothelial damage. ' '’
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A variety of corneal endothelial punch systems have been developed including
the Barron vacuum donor corneal punch, the IOWA PK Press corneal punch, and
the Rothman-Gilbard corneal punch.®® The basic method of “punching” is the
same for all the trephine systems. The corneoscleral button is placed endothelial
side up on a cutting block and a barrel mounted circular trephine is brought down
through the central part of the system in a single motion cutting the donor
cornea.”® The Barron vacuum donor corneal punch system is slightly different,
having a syringe with a spring loaded plunger attached to the system via silicone
tubing, which creates suction that firmly holds the donor button in place during

trephining.*®

Non-mechanical trephination of the donor cornea involving excimer laser has

also been described, although this is not in widespread use at present.'% 1%

Prior to trephination of the recipient cornea, accurate marking of the cornea is
essential to ensure correct graft centering and donor/recipient alignment. This
helps to reduce post-operative astigmatism. A variety of techniques have been
developed, including the use of radial keratometry markers and methods for

placing circular or central ink marks.'%4 1%

Hand-held trephines, suction trephines and laser trephines are also current
techniques for trephination of the recipient cornea. An important difference is that

trephination of the recipient cornea occurs from the epithelial surface; whereas
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that of the donor cornea is generally performed from the endothelial surface.®
Several studies have shown that donor buttons trephined from the endothelial
surface are smaller by approximately 0.25 mm than those trephined from the
epithelial surface.’®"% Damiano et al’® also showed that anterior trephination
causes inward sloping of the corneal edges, whereas posterior trephination gives
the opposite effect, leaving a larger Descemet's membrane diameter from a
posterior than an anterior cut. Suction trephines, like the Hessburg-Barron
vacuum trephine introduced in 1980, have been shown to improve the control of
trephination.”® The suction trephines are claimed to create a sharper, deeper
and more perpendicular incision than hand-held trephines.''® Studies have
shown that with this technique, any posterior beveling may be countered by using
a diamond blade or corneoscleral scissors for the posterior stroma.'"’ Excimer
laser has recently been used for trephination of the recipient cornea.'®® 103 12
Initial studies show a minor reduction in both post-operative astigmatism and
myopia in laser cut than in mechanically cut eyes, however, access to an excimer

laser in a full theatre environment in remains limited.'%?

Prior to suturing of the donor cornea, typically viscoelastic is inserted into the

anterior chamber. Viscoelastic has been shown to protect the endothelium and

113, 114

other intraocular structures during penetrating keratoplasty. Donor

endothelial cell loss after keratoplasty has been shown to be lessened by the use

of viscoelastics, especially in the phakic eye,”3‘”5
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A wide variety of techniques, largely surgeon preference, have developed for
suturing the donor corneal button to the recipient corneal opening. These include
interrupted, continuous (torque, no-torque, or anti-torque patterns), continuous
combined with interrupted, and double continuous suturing techniques.""”'?? The
use of interrupted sutures has the advantage of selective suture removal in cases
of suture-related post-operative astigmatism.’?® The advantages of a continuous
technique include fewer knots to stimulate vascularization, the ability to adjust
loop tension under intra-operative keratometric control and post-operatively at
the slit-lamp, and adjustment can be completed without suture removal.'®* The
advantage of a combined interrupted and continuous technique is that the
continuous suture maintains wound apposition whenever the interrupted sutures
are removed. The claimed advantage of a double continuous technique is that
the remaining continuous suture maintains wound apposition if one of the sutures

is removed.'?

The most cormmon suture material used is Nylon because of its ease of handling
and its monofilament character, which permits a smooth passage through
corneal tissue therefore causing less tissue reactivity."” Nylon maintains its
tensile strength for more than a year allowing adequate wound healing. The most
common diameter used is 10-0 because of its ease of placement and tensile
strength.'® Some surgeons prefer to use Polyester (Mersilene; Ethicon, Inc., NJ,
USA) or Polypropylene (Prolene; Ethicon, Inc.) sutures as an alternative to

Nylon, as they do not degrade as quickly allowing greater refractive stability.'?°
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3.2 Lamellar keratoplasty

Lamellar keratoplasty (LK) is an alternative technique to PKP and is where only
the diseased part of the cornea is replaced, leaving the recipient's normal
anatomical layers intact.'” There are a variety of indications for LK. Optical LK
can be used in cases of superficial corneal scars and irregular/ectatic corneas.
Tectonic LK can be used in cases of peripheral corneal thinning or ectatic
corneal conditions. Therapeutic LK can be performed in cases of recurrent
pterygium and conjunctival intraepithelial neoplasia, to remove and replace the
affected corneal tissue and to arrest the pathological process.””” '8 The
advantages of LK over PKP include a reduction in the risk of intraocular
complications and of irreversible rejection.127 The Australian Graft Registry
reported that LK (4% of transplants) had a significantly lower risk of allograft
rejection compared with PKP at 5-years following surgery.'?® Another advantage

of LK is the less stringent criteria for the quality of donor corneas.™°

The different types of LK include anterior LK, deep LK and posterior LK. Anterior
LK is the more-established technique and involves removal of the diseased
portion of the anterior stromal lamellae and replacement with partial thickness
donor cornea consisting of stroma, Bowman's layer, and in some cases
epithelium.*?’ Anterior LK is therefore indicated for corneal disorders that involve
the anterior layers of the cornea only. It may also be used for strengthening the

cornea, for example, in corneal thinning disorders.'?’
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Deep anterior LK (DALK) is used for patients with corneal stromal disease and
normal endothelium.™' The technique involves removal of the stromal pathology
(leaving Descemet’s membrane and endothelium intact) and transplanting a

complementary donor stromal button. '

Posterior LK involves selective transplantation of only the posterior corneal tissue
(endothelium and posterior stroma), with the anterior layers of the recipient
cornea preserved.”® This technique is of value in patients with corneal
decompensation caused by diseased endothelium.”® Both deep and posterior
LK are relatively new techniques and further clinical studies are needed to
evaluate whether they reduce astigmatism, graft rejection, interface scarring,

improve visual outcomes, and are viable alternatives to PKP. 32 134 135
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4.1 Indications for penetrating keratoplasty

The indications for PKP can be divided into four general categories: optical,

tectonic, therapeutic and cosmetic.'% 1%

4.1.1 Optical keratoplasty

Optical keratoplasty is performed with the primary purpose of improving visual
acuity. There is significant worldwide variation in indications for optical
keratoplasty. In the majority of North American studies, aphakic or pseudophakic
bullous keratopathy is the most common indication reported (accounting for
between 20-39% of transplants), followed by keratoconus and regraft
procedures.”®® ' In contrast, keratoconus is the most common indication
reported in the majority of European and Australian studies (accounting for 21-
37%), followed by aphakic or pseudophakic bullous keratopathy and regraft
procedures.’'® Other indications less commonly reported were Fuchs’
endothelial dystrophy, viral keratitis, trauma, stromal dystrophies and microbial
keratitis."**'*® In developing countries, corneal scarring secondary to infection,
trauma and malnutrition is the most common indication for optical

keratoplasty.'®% 1%

Significant trends in relation to the indications for PKP have been identified over
the last decade. Several authors have reported a decreasing trend in the number
of PKPs for bullous keratopathy, with reasons cited including improvements in

cataract surgery technique, better intraocular lens technology, use of
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viscoelastics, and a reduction in anterior chamber intraocular lens use.'*® 139 14

9215 An increasing trend in the number of PKPs for regraft procedures has also
been reported, with an expanding recipient pool cited as the likely reason.® ™"
142,146, 154156 A decrease in PKPs for viral keratitis has also been identified, with
advancement in the medical management of herpetic eye disease believed to be

responsible for this, 140142154

4.1.2 Tectonic keratoplasty

Tectonic keratoplasty is performed to restore altered corneal structure. Although
improvement in visual acuity remains a relevant consideration, restoration of
ocular anatomy and physiology are the principal reasons for tectonic
keratoplasty.”*® " The reported indications for tectonic keratoplasty include
corneal perforation, corneal melting associated with autoimmune disorders, post-
traumatic loss of corneal tissue, corneal thinning/ectasia, corneal fistula and

pellucid marginal degeneration.'” %8

4.1.3 Therapeutic keratoplasty

Therapeutic keratoplasty involves tissue substitution for refractory corneal
disease. A common indication for therapeutic keratoplasty is infective keratitis,
where keratoplasty is performed to eliminate the infectious load in cases with
keratitis unresponsive to antimicrobial therapy.’® Another common indication of
therapeutic keratoplasty is to relieve pain associated with bullous keratopathy

9

epithelial changes.™ Therapeutic keratoplasties often have the added
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advantages of improved clarity, and subsequently, improved visual acuity.'® '

Therapeutic keratoplasty is always considered the last option when all other

treatment modalities have failed.

4.1.4 Cosmetic keratoplasty

Cosmetic keratoplasty is performed to restore the normal appearance of the eye,
without hope of visual improvement.’®® Indications for cosmetic keratoplasty
include unsightly corneal scars or deposits. As there are highly successful
alternatives, such as painted soft contact lenses, corneal tattooing, and
enucleation or evisceration with a prosthesis or cosmetic shield, cosmetic

keratoplasty has become a relatively rare procedure. ' '’

4.2 Outcome of Penetrating keratoplasty

4.2.1 Survival outcome

Corneal transplant survival is defined as the maintenance of a clear corneal graft.
Overall one-year survival rates reported in the literature range from 80-91%."%
10171 Reported 5-year survival rates range from 65-90% and 10-survival rates
from 59-82%.'49 163.165. 170173 The most common reasons reported for transplant
failure are irreversible allograft rejection, primary endothelial failure, post-

operative glaucoma, vascularization, and infection.'49: 16% 168.172.174
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The prognosis of penetrating keratoplasty depends on multiple factors, with the
indication for keratoplasty being the most important one."™®® *7 Buxton et al'*’
have devised a classification system to predict the expected survival outcome
based on pre-operative diagnosis. Group 1 (excellent prognosis, > 90% survival)
consists of corneas with central corneal disease and normal peripheral
architecture. This group includes the following diagnoses: keratoconus, central or
paracentral inactive scars, granular or macular dystrophies, and central Fuchs’
dystrophy. Group 2 (very good prognosis, 80-90% survival) consists of relatively
avascular corneal disorders extending partially or totally to the periphery with a
relatively stable ocular surface. Diagnoses in this group include advanced Fuchs'’
dystrophy, pseudophakic and aphakic bullous keratopathy, inactive herpetic
keratitis, iridocorneal endothelial syndromes, inactive interstitial keratitis, and
lattice dystrophy. Group 3 (fair prognosis, 50-80% survival) consists of corneal
disorders characterized by extremes of corneal thickness and involving a large
part of the peripheral cornea. Diagnoses in this group include keratoglobus,
pellucid marginal degeneration, active herpes simplex, active fungal keratitis,
mild chemical injury, and congenital hereditary endothelial dystrophy. Group 4
(poor prognosis, 0-50% survival) corneal disorders are characterized by one or
more of the following: severe fibrovascular replacement of the cornea,
conjunctival ischaemia, anterior chamber obliteration, loss of corneal sensation,
and advanced dry eye. Diagnoses in this group include ocular pemphigoid,

Stevens Johnson syndrome, congenital glaucoma, anterior chamber cleavage
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syndromes, neuroparalytic or neurotrophic disease, epithelial downgrowth, and

multiple graft failures.

Several other risk factors for decreased penetrating keratoplasty survival have
been reported in the literature. The most commonly recognized risk factors are
pre-existing vascularisation, anterior segment inflammation at the time of
keratoplasty, pre-operative glaucoma, previous ipsilateral grafts, previous
intraocular surgery, small or large graft size, and episodes of reversible
rejection.'?9 167163, 174178 The Aystralian Graft Registry’® and the Corneal

'®1 also reported improved survival rates with more

Transplant Follow-up Study
experienced surgeons. The majority of published reports identified no association
between donor-related factors (age, source, death to preservation interval,
endothelial cell density, and storage duration) and survival outcome. ™9 191163 174-
'82 Recipient gender and age has also been extensively investigated, with
conflicting reports in the literature. Some studies identified male gender and
advanced recipient age as risk factors, however, other studies identified no such

association, 48 174 175. 183

4.2.2 Visual outcome

Visual outcome following penetrating keratoplasty is usually measured in terms
of improvement in visual acuity and by the amount of astigmatism. The Australian
Corneal Graft Registry’®® reported that overall 47% of the 7335 corneal

transplants included in their study achieved a post-operative visual acuity of 6/18
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61" and a

(20/60) or better. The large UK Corneal Transplant Follow-up Study
recent report from the Swedish Graft Registry'® published comparable results.
Several factors have been identified that have an influence on post-operative
visual acuity. Pre-operative diagnosis has been recognized as the most important
factor, 149 161-163.172,174, 184186 p 1ot published reports identified keratoconus as the
pre-operative diagnosis with the best post-operative visual acuity outcome. This
was followed by Fuchs' endothelial dystrophy and viral keratitis. Bullous
keratopathy, trauma and regraft were commonly reported to be associated with
poor post-operative visual acuity.#% 161-163. 172,174, 184-186 yther factors identified to
be associated with poor post-operative visual acuity included the presence of
associated ocular pathology, poor pre-operative visual acuity, pre-operative

glaucoma, pre-existing vascularisation, and advanced recipient age.'*® 161163172

174, 184-186

Post-operative astigmatism can also limit post-operative visual outcome following
keratoplasty. The Australian Graft Registry'*® reported a median degree of post-
operative astigmatism of & dioptres, with approximately one-third of patients
having 3 dioptres or less of astigmatism. Other studies report that between 27-
57% of patients achieved 3 dioptres or less of astigmatism at one-year post-

% Several factors are associated with post-keratoplasty

operatively.'®"
astigmatism.'®” Pre-operative factors include donor button astigmatism, recipient
corneal condition (thickness, oedema, and vascularization), previous keratoplasty

and recipient astigmatism. Surgical factors include trephination error, suture
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technique, eccentric graft, and donor/recipient disparity. Post-operative factors
include focal wound vascularisation, donor/recipient melting, suture-related
problems (suture erosion, compression, and torque), timing of suture removal

and technique, wound dehiscence or override, and wound healing.

4.3 Paediatric keratoplasty

Paediatric keratoplasty is a difficult undertaking which presents a wide range of
challenges pre-operatively, intra-operatively and post-operatively.’®"'%® The
presence of amblyopia, associated ocular pathology, and greater severity of
disease may significantly limit visual outcome.'®'®® The surgical procedure is
technically more complex due to the decreased rigidity and increased elasticity of
the infant cornea and sclera, the smaller size of the infant eye, the increased
intra-operative fibrin formation and the positive vitreous pressure.'® "% Post-
operative follow-up and management may be more complicated, and graft

rejection is often difficult to detect and treat.®*'%®

The indications for paediatric keratoplasty vary significantly in the literature. The
proportion of paediatric keratoplasties performed for congenital indications
ranged from 14-64%, for acquired non-traumatic 19-80%, and for acquired
traumatic 6-29%.'%"1°1 1% The most common congenital indication reported was
Peters’ anomaly followed by congenital hereditary endothelial dystrophy. The

most common acquired non-traumatic indication was post-infectious corneal
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scarring. The most common acquired traumatic indication was penetrating

trauma.188'191' 194

The reported survival rates for paediatric keratoplasty vary significantly in the

. . . . 2191 1
literature, with overall one-year survival rates ranging from 46 to 80%.'%% ™" 1%

% Unsurprisingly, the indication for keratoplasty had a significant impact on
survival rate. Reported one-year survival rates for congenital indications (29-
80%) was significantly lower than that for acquired non-traumatic (40-85%) and
acquired traumatic indications (56-84%).'%%"9" 195 1% geveral factors have been
identified which increase the risk of corneal transplant failure in paediatric
keratoplasty. Performance of an additional surgical procedure at the time of
keratoplasty is most significantly associated with increased failure rate, with other
factors including pre-operative glaucoma, associated ocular conditions, and
corneal vascularisation.'®®"9" 19202 poor visual outcome in a surviving transplant
(clear graft) is a well recognized occurrence in paediatric keratoplasty and is
most commonly a resuit of amblyopia, non-corneal ocular abnormalities, and
post-operative astigmatism.'®9": 197198 A higher prevalence of amblyopia and
associated ocular abnormalities within the congenital indication group is thought
to account for the significantly poorer visual outcome reported in these

patients 188-191, 200-202
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5.1 Abstract

Purpose
To evaluate donor demographics and source, donor tissue processing and
storage, biological contamination, and the utilization and distribution of

corneal tissue procured by the New Zealand National Eye Bank.

Methods

As part of a prospective longitudinal study, the electronic records of the
NZNEB for the 13 year period 1991-2003 were analyzed for each year with
respect to donor demographics, donor source, donor cause of death, death to
preservation interval, storage methods, endothelial assessment, biological

contamination, corneal tissue utilization and distribution.

Results

During the study period 3221 corneas were retrieved from 1628 donors
(69.8% male, 30.2% female), with the mean age of donors 59.4 years (SD =
18.3 years) and range 4 to 95 years. No significant correlation was found
between donor age group (using 10 year intervals) and the proportion of
corneas suitable for transplantation. Donors were procured from the Coroner's
service (67.6%), public hospitals (23.5%) and multi-organ donors (7.1%). The
most common causes of donor death were cardiovascular disease, trauma
and cerebrovascular disease. Average storage duration increased from 3.5 to
11.8 days when organ culture replaced hypothermic storage in 1992.
Biological contamination occurred in 5% of all donor corneas. The most

common bacterial and fungal isolates were coagulase-negative staphylococci
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and Candida sp respectively. A significant decrease in contamination rate
over the years of the study was identified. Overall, 79.4% of corneal tissue
procured was used for corneal transplantation (75.8% for penetrating
keratoplasty, 2.1% for lamellar keratoplasty, and 1.5% for unspecified
transplants), and 21.6% was discarded. Most common reasons for discarding
tissue were biological contamination, abnormal serology, and failed

endothelial assessment.

Conclusion

Analysis of the NZNEB database provides valuable information in relation to
eye banking and corneal transplantation in New Zealand. Significant trends
were identified in donor demographics, donor procurement source, improved
donor tissue processing and storage, decreased biological contamination, and

increased utilization of corneal tissue.
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5.2 Introduction

The New Zealand National Eye Bank (NZNEB), founded in 1991, is the major
supplier of donated ocular tissue for transplantation in New Zealand. Serving
a population of four million, the NZNEB provides over 200 corneas per year
for transplantation. The highest international standards are observed in all
areas of NZNEB operation including donor selection and screening, tissue
retrieval and storage, testing and evaluation, and transport to transplant

centers.

A standard protocol of the NZNEB since 1991 is the maintenance of a
comprehensive database, supported by New Zealand ophthalmic surgeons, in
which prospective data are collected on all aspects of corneal donation and
transplantation. In this study we have analyzed this database to evaluate the

source and management of donor corneal tissue in New Zealand.

5.3 Methods

As part of a longitudinal, prospective study, the electronic records of the
NZNEB for the 13 year period 1991-2003 were analyzed for each year with
respect to donor demographics (gender, age, and ethnicity), donor
procurement source, donor cause of death, death to preservation interval,
storage methods, endothelial assessment, biological contamination, corneal
tissue utilization and distribution. Statistical analysis of data was performed in
consultation with a medical statistician from the Epidemiology Department of

the University of Auckland. Statistical methods used were linear regression
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analysis to evaluate trends, x*testing to compare proportions and the

Student’s t test to compare means between groups.

5.4 Results

5.4.1 Donor Demographics

There were 1628 donors during the 13-year study period with the average
number per year being 125 (Standard deviation (SD) = 21.7). Donor numbers
per year remained constant from 1992 onwards with no significant trends
being identified (R-coeff = 0.12, se = 0.45, p = 0.79). The gender distribution
demonstrated a male preponderance in every year of the study, and overall
69.8% (n = 1137) of donors were male and 30.2% (n = 491) female. Donor

numbers and gender distribution for each year of the study are shown in

figure 5:1.
Total number of donors and gender distribution 1991-2003
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Figure 5:1 Bar graph showing total number of donors, donors per million population,
and gender distribution 1991-2003.
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The age distribution of donors during the study period is illustrated in figure
5:2. The largest proportion of donors was found within the 71 to 80 year age
group (29.4%, n = 479) followed by the 61-70 year age group (24.0%, n =
391). The mean age of donors was 59.4 years (SD = 18.3), the median age
was 65.0 years, and the age range was 4 to 95 years. An increase in mean
age of donors over the years of the study was identified (3-coeff = 0.62, se =
0.23, p=0.02) (figure 5:3). The proportion of donor corneas that were suitable
for transplantation was analyzed for different donor age groups (using 10 year
intervals). The results ranged from 73.2% for the 31-40 year age group to
84.0% in the 51-60 year age group. In the oldest age group (81-85 years),
79.5% of donor corneas were suitable for transplantation. Overall, no
correlation was identified between donor age group and the proportion of
corneas suitable for transplantation (R-coeff = 0.57, se = 0.49, p = 0.29).
Donors aged less than 10 years or greater than 85 years were generally not
accepted due to the age criteria set by the NZNEB. The difference in the
mean age of donor corneas used for transplantation (59.5 years) versus those

that were not utilized (58.6 years) was not significant (p = 0.14).

Ethnicity data has been entered into the NZNEB database since 1993. The
majority of donors were European Caucasian (89.0%, n = 1283) followed by
Maori (1.6%, n = 23), Polynesian (1.1%, n =16), Indian (0.8%, n =12), Asian

(0.4%, n = 6), with 6.6% (n = 94) either not recorded or unspecified.
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The age distribution of donors 1991-2003
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Figure 5:2 Bar graph showing age distribution of donors with corresponding
percentage of total in the period 1991-2003.
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Figure 5:3 Line Graph showing mean age of donors for each year of the study
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5.4.2 Donor Source and Donor Cause of Death

The NZNEB procured corneal donors from the following sources: Auckland

Coroner’s service (67.6%, n = 1100), public hospitals (23.5%, n = 383), multi-

organ donors (7.1%, n = 116), and private hospitals/ rest homes (1.8%, n =

24). As illustrated in figure 5:4, there has been a trend of fewer donors

procured from the Coroner’s service since 1994, but a corresponding increase

in donors from public hospitals, and to a lesser extent, multi-organ donors.
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Figure 5:4 Line graph showing trends in donor procurement source 1991-2003.

The most common cause of death of donors was cardiovascular disease

(50.5%, n = 820), followed by trauma (12.5%, n = 203), cerebrovascular
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disease (11.1%, n = 180), respiratory disease (7%, n = 115) and cancer
(6.1%, n = 100). Table 5:1 presents the age, gender and percentage of
corneas transplanted for each cause of death. Of note, there was a higher
proportion of corneal tissue transplanted from donors who died from either
cardiovascular disease or cerebrovascular disease compared with that from

donors who died from other causes (p < 0.05).

% of Mean age % %
Cause of death donors (SD) male | transplanted
Cardiovascular disease 50.5 65.0 (14.5) | 725 82.1
Trauma/Multiple injury 125 |41.0(21.5) | 825 72.0
Cerebrovascular disease 114 58.9(17.1) | 554 83.4
Respiratory disease 7.0 62.8 (18.4) | 61.0 74.6
Cancer 6.1 61.4 (16.0) | 55.6 73.5
Asphyxiation 2.0 36.2(19.4) | 89.0 71.3
Poisoning 2.0 46.3 (18.3) | 77.2 74.0
Other 8.8 57.6 (21.7) | 70.0 71.0

Table 5:1 Showing cause of donor death, mean age, gender distribution, and
percentage transplanted.
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Donor demographics also varied with donor source. Donors from the
Coroner’s service had a mean age of 58 years, with 80% male, and the most
common cause of death was cardiovascular disease followed by trauma.
Public hospital donors had a mean age of 68 years, with 72% male, and the
most common cause of death was cardiovascular disease, followed by
cerebrovascular disease and cancer. Multi-organ donors had a mean age of
41 years, with 55% male and the most common cause of death was
cerebrovascular disease followed by trauma. No significant difference was
found in the proportion of corneal tissue suitable for transplantation between

the different donor sources.

5.4.3 Death to Preservation Interval

The death to preservation interval (DPI) is the time from donor death to
preservation of donor corneal tissue. The NZNEB generally do not procure
tissue if the DPI is greater than 24 hours, except in emergency circumstances
or for use in tectonic procedures. The overall mean DPI during the study
period was 15.2 hours (SD = 6.2) with the median 15.6 hours. Figure 5:5
illustrates the trend in DPI from 1991 to 2003. There was a rapid increase in
mean DPI from 1991 (6.6 hours, SD = 3.0) to 1994 (14.5 hours, SD = 5.1),
associated with the change in criteria from hypothermic to organ culture
storage. From 1995 onwards the mean DPI remained relatively constant with
a range of 14.8 to 17.7 hours. No difference was found in mean DPI| between
donor corneas that were suitable for transplantation (15.3 hours) versus those
that were not (15.4 hours, p =0.46). The DPI in relation to donor source was

assessed highlighting that the mean DPI for donor tissue from the Coroner’s
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service (16.6 hours) was significantly greater than that for public hospitals

(12.1 hours) and multi-organ donors (12.7) (p<0.001).
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Figure 5:5 Line graph showing mean death to preservation interval for each year of
the study (SD in brackets).

5.4.4 Corneal Storage Methods

The NZNEB protocol for corneal storage changed from the use of Optisol

(4°C) (Bausch and Lomb, Rochester, New York) to organ culture storage

(34°C) during 1992. In 1991 all donor corneas were stored in Optisol. In 1992

30% were stored in Optisol and 70% stored in organ culture. From 1993

onwards all donor corneas were stored using organ culture. The mean

storage duration with Optisol was 3.5 days (SD = 2.0), compared to 11.6 days

(SD = 4.3) for organ culture. The mean storage duration for each year of the




Section 2 - 63 -

study is presented in figure 5:6. The corneal utilization rate was significantly
higher with organ culture storage (79%) compared to Optisol storage (65%, p
< 0.01). The mean DPI for corneas stored in Optisol was significantly less

than that for corneas stored with organ culture (7.1 vs. 15.0 hours, p <0.001).

Mean storage duration 1991 to 2003
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Figure 5:6 Line graph showing average storage duration for each year of the study.

5.4.5 Endothelial Cell Count of Donor Tissue
The NZNEB uses light microscopy accompanied by intravital staining with
trypan blue to assess the endothelial layer. An endothelial cell density greater

than or equal to 2500 cells/mm? is the threshold required for a cornea to be



Section 2 - 64 -

accepted for transplantation. Of all the donor corneas between 1993 and
2003, 2.6% (n = 84) had an endothelial cell density of less than 2500
cells/mm? and therefore were not transplanted. Based on donor age, only
0.8% of donors less than 50 years of age failed endothelial assessment,
compared with 2.5% for the 51-60 year age group, 3.5% for the 61-70 year
age group, 3.0 % for the 71-80 year age group, and 3.6% for the 81-85 year
age group. Overall a significant correlation was found between increasing
donor age and the rate of failed endothelial assessment (3-coeff = 0.55, se =
0.12, p < 0.05). The mean age of donors whose tissue failed endothelial
assessment was significantly higher than those whose tissue was suitable for
transplantation (64.0 vs. 59.4 years, p < 0.05). A comparison was also made
between phakic and pseudophakic donors, revealing that a significantly higher
proportion of pseudophakic donors failed endothelial assessment compared

to phakic donors (5.7% vs. 2.4%, p < 0.05).

Endothelial cell density of donor corneas that were transplanted is presented
in figure 5:7. The mean endothelial cell density was 3024 cells/mm? (SD = 324
cells/ mm?). Corneal tissue from donors less than 20 years of age had a
significantly higher endothelial cell density (mean = 3442 cells/ mm?) when
compared to all other groups. All other age groups had endothelial cell
densities ranging from of 3175 cells/ mm? (21-30 year age group) to 2917
cells/ mm? (81-85 year age group). A significant correlation was found
between advancing donor age and lower endothelial cell density (R-coeff = -

4.7,se=0.8,p <0.01).
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Endothelial cell density of donor corneas 1993-2003
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Figure 5:7 Bar graph showing the endothelial cell density of all donor corneas
transplanted between 1993 and 2003.

5.4.6 Biological Contamination of Donor Tissue
The NZNEB performs microbiological testing on the corneoscleral rim (CSR)

prior to storage and on the organ culture medium (OCM) prior to
transplantation on all donor tissue. Over the study period, the CSR testing
showed significant bacterial growth in 1.7% (n = 54) of all donor corneas, and
mycological growth in 0.3% (n = 11). The corresponding figures for OCM
testing were 2.0% (n = 63) and 1.9% (n = 58) respectively. Overall, 5.0%
(n=158) of all donor corneas were discarded due to biological contamination
(1.1% from CSR result alone, 3.0% from OCM result alone, 0.9% from both
CSR and OCM results). Over the years of the study there was a significant
decrease (beta coeff = -0.73, se = 0.14, p < 0.001) in contamination rate, as
illustrated in figure 5:8. Notably in 2002 only 0.7% (n=2) of corneas were

discarded due to contamination, and in 2003 no donor tissue was discarded
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due to contamination. There was no significant difference between the DPI of
donor corneas that were discarded due to contamination versus those that

were suitable for transplantation (14.9 vs. 15.1 hours, p = 0.29).

Percentage donor corneas discarded due to
biological contamination 1991-2003
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Figure 5:8 Line graph showing percentage of donor corneas discarded due to
biological contamination for each year 1991- 2003.

The most common bacterial isolates were: coagulase-negative staphylococci
(31%), Staphylococcus aureus (14%), Streptococcus sp (14%),
Pseudomonas aeruginosa (11%), Corynebacterium sp (7.5%), and
Enterobacteriaceae (3.5%). The most common mycological isolates were:
Candida albicans (26%), Candida glabrata (19%), Cryptococcus sp (5%),
Fusarium sp (4.5%) and Penicillium sp (4.5%). Overall there were 16 different

bacterial and 25 different mycological organisms isolated.
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The most commonly isolated bacteria from the CSR testing were coagulase-
negative staphylococci (27%), Streptococcus sp (20%) and Pseudomonas
aeruginosa (13%), whilst for OCM testing they were coagulase-negative
staphylococci (35%), Staphylococcus aureus (19%) and Corynebacterium
(11.6%). The mycological isolates in both CSR and OCM were similar to the

overall figures (as above).

5.4.7 Utilization and Distribution of Corneal Tissue

The NZNEB received a total of 3221 donor corneas during the study period, of
which 79.1% (n = 2547) were transplanted and 20.9% (n = 674) were
unsuitable for transplantation. The corneal utilization rate (proportion of donor
corneas used for transplantation each year) has significantly increased over
the years of the study (-coeff = 1.60, se = 0.38, p < 0.01), as illustrated in
figure 5:9. In 2003 over 90% of all donor corneas were transplanted. The
average number of corneal transplants per year was 204, with a significant
increase in transplants per year identified over the years of the study (3-coeff
=44, se = 1.3, p < 0.01). Overall, 2442 donor corneas were supplied for
penetrating keratoplasty, 64 for lamellar keratoplasty, and 48 for unspecified

transplants.
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Proportion of donor corneas transplanted 1991-2003
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Figure 5:9 Bar graph showing number of donor corneas transplanted versus
discarded for each year 1991-2003. The percentage transplanted is shown in each bar.

Reasons why donor corneas were excluded from transplantation were
analyzed; with the most common reason being biological contamination (5.0%
of all donor corneas, n = 158), followed by abnormal serology (3.9%, n = 125)
and failed endothelial assessment (2.6%, n = 84). Abnormal serology included
Hepatitis B (3%, n = 98), Hepatitis C (0.8%, n = 25) and HIV (0.1%, n =2).
There were 55 (1.7%) donor corneas that were deemed suitable and
dispatched to the transplant centre but were not used. Less common reasons
included contraindications in the donors past medical or ocular history (0.8%,
n = 27), storage period greater than the 21 day maximum (0.9%, n = 30), and
late harvesting of tissue (collected for emergency or tectonic procedures but
not used) (0.7%, n = 27). Unfortunately a high percentage of reasons were

classified as ‘other’ (3.4%) or not recorded (2.7%).
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Over the study period the NZNEB supplied the vast majority of donor tissue
for corneal transplantation in New Zealand. One center, Auckland, received
the greatest number of donor corneas (41%), but corneal tissue was widely
distributed throughout New Zealand to 12 other centres that received between
0.2% and 12% of all donor tissue. Only one center, Christchurch, received
donor tissue from other sources during the entire study period (sourced local
donor tissue and short-term storage). This center commenced using tissue
from the NZNEB in 1996, and over the last 4 years, has subsequently
received most of its corneal tissue from the NZNEB. From 1991-99 it was
estimated that the NZNEB supplied at least 85% of donor tissue nationwide.’
Using the same method (based on current usage of tissue supplied to
Christchurch, plus unfiled demand in the first two years of the study,
calculated from donor tissue utilization in year 3 and subsequent years), by
extrapolation it is estimated that the NZNEB has supplied a minimum of 90%
of all donor tissue between 1991 and 2003. It is further estimated that over the
last four years, the NZNEB supplied at least 98% of donor tissue in New
Zealand. Of all donor tissue, 67.6% was distributed to public hospitals and
31.7% to the private sector, with 0.7% unspecified. This 2:1 ratio of public to
private distribution remained constant (beta coeff = 0.0025, p = 0.51) for each
year of the study with the exception of 1991 where 84.1% went to public

hospitals.

5.5 Discussion

The NZNEB is the major source of donor tissue for corneal transplantation in

New Zealand supplying at least 90% of all tissue. New Zealand has a
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population of approximately 4 million, served by 110 Ophthalmologists,
distributed over a geographical area slightly greater than the United Kingdom.
Over 200 corneal transplants are now performed each year in New Zealand
and the NZNEB provides an essential service in the procurement of sufficient
donor tissue to meet this demand. In addition, the NZNEB also ensures that
the quality and safety of donor corneas is maintained according to established
and internationally recognized standards and practices, and that corneal
tissue is distributed in a fair and equitable way.? Indeed, currently all corneal
transplants can usually be electively booked for surgery within a 2-4 month

period with guarantee of tissue availability.

The age distribution of donors was comparable to published results from other
eye banks®, with the majority of donors being over 60 years of age (60%) and
the greatest proportion between 70 to 80 years of age. There was an increase
in the mean age of donors over the years of the study. We found no
significant difference in the proportion of donor corneas that were suitable for
transplantation between different age groups. Notably, even in the oldest age
group (81-85 years), 79.5% of corneas were of sufficient standard to be
transplanted. Several eye banks have reported lower rates of corneal
utilization with advanced donor age: Moyes et al reported a 23% rate in
donors aged 70-75 years®, Armitage et al reported a 45% rate in donors 80
years and over’, and Gain et al reported a 53% rate in donors 85-100 yearss,
with contraindications in medical history the most commonly cited reason for
non-utilization of donor tissue. The higher corneal utilization rate of the

NZNEB may be explained by the thorough pre-screening of potential donors,
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where those that do not meet donation criteria based on age, ocular or
medical contraindications are generally excluded prior to the procurement of
their tissue. This is made possible through the close relationship between the
NZNEB and its donor sources, enabling the NZNEB to have greater control

over what donor tissue is procured.

The high proportion of donor corneas suitable for transplantation that was
identified in the 81-85 year age suggests that donor age alone is not indicative
of poor tissue quality. Appropriately screened tissue from donors of advanced
age may therefore be of use, particularly for recipients of similar age, although
the NZNEB does not have a specified policy of age matching tissue. Previous
studies have indicated that advanced donor age alone does not have an
adverse effect on transplant survival or outcome.*” None the less,
decreased endothelial cell density and function with advanced age is well
documented™®, therefore tissue from such donors needs a thorough
endothelial assessment before approval for transpiantation. Our study
highlighted the expected correlation between advancing age and higher
endothelial assessment failure rate (3.6% of corneas from donors over 80
years). The NZNEB minimum age of donation is 10 years, which is higher
than most eye banks.®> Reasons previously cited for not using infant or young
corneas include increased technical difficulties during transplantation (due to
its thinness and smaller diameter) and higher postoperative myopia due to the

steeper curvature of the cornea.?
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The male preponderance of donors to the NZNEB is similar to results
published by other eye banks.® ?° Statistics published by the New Zealand
Health Information Service®' indicate that males die at a much younger age
than females, with the highest proportion of male deaths in the 70-79 year age
range (30%), compared to that of females with the highest proportion in the
80-89 year range (35%). The higher prevalence of male deaths in younger
age groups is due to higher mortality from trauma and cardiovascular disease.

This was reflected in our donor demographic data.

The major donor procurement source to the NZNEB was the Coroner’s
service followed by public hospitals and multi-organ donors. In recent years,
the supply from the Coroner’s service has decreased in contrast to that from
public hospitals and muiti-organ donors which has increased. The decreased
supply from the Coroner’s service reflects the decrease in the overall number
of Coroner’s cases requiring autopsy per year over the same time period. The
increased supply from public hospitals is due to the efforts of one teaching
hospital, Middlemore Hospital, Auckland, whose well organized donation
program contributed 70% of donors in this group. This indicates the potential
to increase donor numbers if similar programs are established in other
hospitals. The increased supply from multi-organ donors is due to improved
efforts from organ donor coordinators and intensivists around the country,
although typically there are fewer than 40 multi-organ donors per year in New

Zealand.
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The most common donor cause of death was cardiovascular disease which
accounted for 50% of all donor deaths. This was followed by trauma,
cerebrovascular disease, respiratory disease and cancer with their
contributions ranging from 12% to 6% each. Interestingly, these results differ
from overall New Zealand mortality statistics??, which were: cardiovascular
disease (29%), followed by cancer (27%) and cerebrovascular disease (10%).
Trauma accounted for only 3% of deaths in New Zealand, significantly lower
than the percentage identified in donors. The causes of death for NZNEB

320 |nterestingly,

donors were similar to that reported by other eye banks.
corneal tissue from donors that died of cardiovascular disease and
cerebrovascular disease were more likely to be suitable for transplantation
compared to those that died from other causes. A possible explanation is the

high proportion of donors in these groups who died suddenly with less co-

morbidity.

With the change from hypothermic to organ culture storage as standard
NZNEB policy, the storage duration increased from a maximum of 7-10 days
to 21 days. This has enabled the more efficient management of corneal
tissue, which is of particular importance for the NZNEB, as it is the only
supplier of tissue in New Zealand, where surgeons are distributed over a
relatively large geographical area. Donor tissue can be supplied when
required to ophthalmic surgeons, so that corneal transplantation can be
performed as a planned elective procedure, with the postponement rate due
to tissue unavailability significantly reduced. The reserve of tissue for

emergency procedures has also increased. Increased storage duration also
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allows additional time for improved microbiological and serological screening,
and for tissue compatibility matching if required. There is significant variation
in storage methods used by different eye banks around the world, with the UK
and Europe preferring organ culture, and the United States and Australia
preferring short term hypothermic storage.® '° 2% Reasons cited for using
hypothermic storage over organ culture include decreased cost and the lesser
technical complexity required. It has also been suggested that there is
decreased initial corneal swelling and increased preservation of endothelial
viability with short-term storage.26 However, several studies have clearly
shown that endothelial cell density and morphology are well maintained even

4 27 and that postoperatively,

up to 35 days of storage with organ culture
survival and eventual corneal thickness were similar compared with short term

storage media.**

Postoperative bacterial or fungal endophthalmitis is a serious complication of
corneal transplantation and can have devastating effects on eventual
outcome. The reported incidence of postoperative endophthalmitis ranges
from 0.1% to 2%.%%%? Studies have shown a correlation between
postoperative endophthalmitis and infection of donor tissue.* ¥ Therefore
donor screening, microbiological screening, and decontamination of donor
tissue is a priority of the NZNEB. Microbiological testing on the corneoscleral
rim prior to storage and on the organ culture storage medium before
transplantation is performed. During the study period, 5% of all donor corneas
were discarded due to biological contamination. Reported figures from other

eye banks in the literature range widely from 12-39% for hypothermic storage
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and 0.7%-5% for organ culture storage.?® *>*2 ** Biological contamination has
significantly decreased from 10% in 1991 to a current rate of less than 1%.
This is possibly associated with improved facilities and equipment, in addition
to more experienced and technically skilled eye bank staff. Of note, multi-
organ donors had significantly lower contamination rates than donors from
other sources. This may be related to the protective functions of the living eye
and the increase in growth of normal flora associated with cadaveric eyes.’®
Variations in death to preservation interval did not influence NZNEB

contamination rates.

The major bacterial contaminant in our study was coagulase-negative
staphylococci, followed by Staphylococcus aureus, Streptococcus sp,
Pseudomonas aeruginosa, and Corynebacterium. Coagulase-negative
staphylococci were the major contaminant in both corneoscleral rim and
culture medium testing. Of note was the particularly high prevalence of
Streptococci sp in the corneoscleral rim cultures. Similar bacterial isolates
have been reported in other studies, with coagulase-negative staphylococci
the major contaminant in almost all cases.®'? **“% This suggests most of the
contamination is due to bacteria derived from normal ocular flora. The same
studies report Candida sp to be the most common mycological organism
isolated. In studies evaluating the organisms found in post penetrating
keratoplasty endophthalmitis, Streptococci sp was the most common bacterial
isolate reported, and Candida sp were the most common fungi reported®® 3133

#142 No cases of endophthalmitis due to contamination of donor tissue were

reported to the NZNEB during the study period.
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Of all the donor tissue procured by the NZNEB, 79% was used for corneal
transplantation and 21% was deemed unsuitable. This corneal utilization rate
is high when compared to published data from other eye banks with rates
varying between 50-70%.**° A possible reason for the higher utilization rate
iIs the thorough pre-screening of potential donors (for age and medical
contraindications) prior to procurement of tissue, as previously noted. The
most common reasons for discarding tissue were microbiological
contamination, abnormal serology, and failed endothelial assessment. Less
common reasons included contraindications in medical or ocular history (not
initially detected at prescreening), prolonged storage duration, and late
harvesting (collected for emergency or tectonic procedures but not used).
Advanced age, contraindications in the donor's medical and ocular history,
and poor tissue quality were the most common reasons for exclusion of donor

517 4345 The corneal utilization rate

corneas reported by other eye banks.
increased throughout each year of the study, and in the last few years nearly
90% of all tissue procured was used for transplantation. This reflects

improvements in all areas of NZNEB operation, and in particular, corneal

storage and decreased microbiological contamination.

5.6 Conclusion

The comprehensive database maintained by the NZNEB is an important part
of the NZNEB operation, and analysis of this database provides valuable
information in relation to all aspects of eye banking in New Zealand. Over the

13 year period analyzed, significant trends were identified in relation to donor
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demographics, donor procurement source, improved donor tissue processing
and storage, decreased biological contamination, and increased utilization of

corneal tissue.



Chapter 6

Current Trends and Ethnicity
Differences in Indications for
Penetrating Keratoplasty in New
Zealand
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6.1  Abstract
Purpose
To identify current trends and ethnicity differences in indications for penetrating

keratoplasty (PKP) in New Zealand.

Methods

As part of a prospective longitudinal study, PKP data collected by the New
Zealand National Eye Bank (NZNEB) was analyzed for the 4-year period 2000 to
2003. A comparison with results from a previously published NZNEB study (in

which data from 1991 to 1999 was analyzed) was performed.

Results

During the 4-year study period the NZNEB supplied donor tissue for 889
keratoplasties, of which 94% (n = 838) was for PKP. This accounted for at least
95% of all PKP’s performed in New Zealand from 2000 to 2003. Keratoconus
remained the leading indication for PKP (44%) in New Zealand, followed by
aphakic or pseudophakic bullous keratopathy (14%), regraft (13%), Fuchs’
dystrophy (7%) and viral keratitis (5%). There was a significant decrease
compared to the earlier NZNEB study in the proportion of PKP's for aphakic or
pseudophakic bullous keratopathy, and a significant increase for regraft and
Fuchs’ dystrophy. Keratoconus was the leading indication in all ethnicity groups,
although the relative proportions differed significantly, ranging from 37% in the

Caucasian European population to 58% in the Polynesian and 59% in the Maori
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population. Polynesians (mean age 27 years, SD 7 years) and Maori (mean age
27 years, SD 9 years) were significantly younger at the time of PKP for
keratoconus than Caucasian Europeans (mean age 34 years, SD 13 years) (p <

0.001).

Conclusion

The study findings suggest that keratoconus leading to PKP may have an
increased prevalence, severity, and/ or more rapid disease progression in New
Zealand, particularly amongst the Maori and Polynesian populations. A
significant decreasing trend in the proportion of PKP’s for aphakic or
pseudophakic bullous keratopathy was identified. A significant increasing trend in
PKPs for regraft and Fuchs' dystrophy was also identified. These trends were in

concordance with those recognized in other published reports.
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6.2 Introduction

In a previous study using the NZNEB database the indications for penetrating
keratoplasty (PKP) in New Zealand were reported from 1991 to 1999.
Keratoconus was identified as the leading indication for PKP (46%), accounting
for a higher proportion than that recognized in other published reports. A higher
prevalence of keratoconus and more rapid disease progression to the stage of
requiring PKP in New Zealand were considered possible explanations. There is
also a strong clinical impression that keratoconus has a particularly high
prevalence and severity in the Maori and Polynesian communities of New
Zealand. However, this had not been previously confirmed, and up until 1999 the

NZNEB did not include ethnicity data in the database.

In this study the NZNEB database was analyzed with respect to clinical
indications for PKP in New Zealand. An emphasis was placed on identifying

ethnicity differences and trends in clinical indications for PKP in New Zealand.

6.3 Methods

As part of a longitudinal, prospective study, the electronic records of the NZNEB
were analyzed for the four-year period 2000 to 2003 with respect to age, gender,
ethnicity, and indication for PKP. The indication for PKP was the clinical
diagnosis given by the surgeon at the time of operation. When more than one

clinical diagnosis was identified the priority scheme suggested by Brady et al*®
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was used, in particular, the diagnosis of regraft was given priority over all other

diagnoses.

Statistical analysis was performed in consultation with a medical statistician from
the Epidemiology Department of the University of Auckland. The SPSS V 12
software package was used. Statistical methods were chi-square testing to
compare proportions between groups and the Student's t test to compare means

between groups.

6.4 Results

During the four-year study period the NZNEB supplied donor tissue for 889
keratoplasties. PKP was performed in 94% (n = 838), lamellar keratoplasty in 4%
(n = 35), with 2% (n = 16) unspecified. The leading indications for PKP were
keratoconus (44%, n = 365), pseudophakic or aphakic bullous keratopathy (14%,
n = 114), regraft (13%, n = 108), Fuchs’ endothelial dystrophy (7%, n = 60) and
viral keratitis (5%, n = 44). Table 6:1 presents the indications for PKP in this
study along with results from the earlier NZNEB study. Aphakic or pseudophakic
bullous keratopathy was significantly less common as an indication for PKP in
this study compared to the earlier study (p = 0.007). In contrast, regraft (p =
0.002) and Fuchs’' endothelial dystrophy (p = 0.006) were significantly more
common. Viral keratitis was less common as an indication for PKP in this study

but the difference did not reach statistical significance.
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Indication for PKP 1991-1999 2000-2003
Total number (%) | Total number (%)

Keratoconus 597 (45.6) 365 (43.6)
A/P bullous keratopathy 235 (17.9) 114 (13.6)
Regraft 114 (8.7) 108 (12.9)
Fuchs’ endothelial dystrophy 58 (4.4) 60 (7.2)
Viral keratitis 96 (7.3) 48 (5.4)
Other infective keratitis 43 (3.3) 33 (3.9)
Trauma 72 (5.5) 33 (3.9)
Stromal dystrophies 53 (4.0) 27 (3.2)
Non-infective keratitis 16 (1.2) 16 (1.9)
Other 99 (7.7) 24 (3.0)
Not recorded 18 (1.3) 10 (1.3)
Total 1308 838

Table 6:1 [ndications for PKP in New Zealand from 2000 to 2003
(A/P = aphakic/pseudophakic)

The mean age of patients undergoing PKP was 48 years (Standard deviation
(SD) = 22 years), median age 46 years, and age range 4 to 95 years. Age
distribution (using stratified 10-year intervals) highlighted a bimodal pattern with

peaks in the 21-30 year and 71-80 year age groups (figure 6:1). The mean age af
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the time of PKP for the most common indications were; keratoconus, 32 years
(SD = 12 years); aphakic or pseudophakic bullous keratopathy, 71 years (SD =
14 years); regraft, 55 years (SD = 18 years); Fuchs’ endothelial dystrophy, 70

years (SD = 11 years); and viral keratitis, 54 years (SD 19 years).

Age distribution of patients
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Figure 6:1 Total number of PKPs plotted against age group (10-year intervals) highlighting
a bimodal distribution

The gender distribution of patients having undergone PKP was 57% (n = 476)
male and 43% (n = 362) female. The indications for PKP for each gender are
presented in Table 6:2. Keratoconus was the most common indication for both
males (47%, n = 225) and females (39%, n = 140). Using chi-squared testing, the

indications identified that were significantly more common in males compared to
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females were keratoconus (p = 0.01) and trauma (p < 0.001). Fuchs’ endothelial
dystrophy was the only indication significantly more common in females (p <
0.001). Aphakic or pseudophakic bullous keratopathy was more common in

females but this did not reach statistical significance.

Indication for PKP Male (%) Female (%)
Keratoconus 225 (47.3) 140 (38.7)
Bullous keratopathy 52 (10.9) 62 (17.1)
Regraft 61 (12.8) 47 (13.0)
Fuchs’ endothelial dystrophy 18 (3.8) 42 (11.6)
Viral keratitis 26 (5.5) 22 (6.0)
Other infective keratitis 17 (3.6) 16 (4.4)
Trauma 29 (6.0) 4(1.1)
Stromal dystrophies 17 (3.6) 10 (2.8)
Non-infective keratitis 8 (1.7) 8(2.2)
Other 16 (3.5) 8 (2.6)
Not recorded 7(1.7) 3 (113
Total 476 362

Table 6:2 The indications for PKP based on gender 2000-2003
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Males underwent PKP at a significantly younger age (mean 45 years, SD 21
years) than females (mean 53 years, SD 22 years) (p = 0.001). Males also
underwent PKP for keratoconus at a significantly younger age (mean 31 years,
SD 11 years) than females (mean 34 years, SD 13 years) (p = 0.03). Females
underwent PKP for bullous keratopathy at a significantly older age (mean 75

years, SD 11 years) than males (mean 69 years, SD 14 years) (p = 0.02).

The ethnicity distribution of patients having undergone PKP is presented in Table
6:3. A comparison with the overall New Zealand ethnicity distribution is provided
(using 2001 New Zealand consensus data®’). The indications for PKP within
each of these ethnic groups are presented in Table 6:4. Keratoconus was the
most common indication for PKP in all ethnic groups, although the relative
proportions differed significantly. In Caucasian Europeans the proportion of
PKP’s for keratoconus was 37% (n = 198), in Maori 59% (n = 77) and in
Polynesians 58% (n = 47). The higher proportion of PKP’s for keratoconus in the
Maori and Polynesian populations compared to the Caucasian European
population was statistically significant (p < 0.001). The mean age of Maori (27
years, SD 9 years) and Polynesians (27 years, SD 7 years) at the time of PKP for
keratoconus was also significantly less than that of Caucasian Europeans (34
years, SD 13 years) (p < 0.001). Gender distribution was not significantly

different between ethnic groups.
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The proportion of PKP’s for bullous keratopathy was significantly greater in the

Caucasian European population compared to both the Maori (p < 0.001) and

Polynesian (p = 0.01) populations. Fuchs’ endothelial dystrophy also accounted

for a significantly greater proportion of PKP’s in the Caucasian European

population (11%, n = 56) compared to all other ethnic groups.

Ethnicity % of NZ Number of PKP’s Mean age | % Female
population* (% of total) (SD)
European 76.0 530 (63.2) 53.1 (21.5) 45.4
Maori 13.7 130 (15.5) 36.9 (17.3) 38.1
Polynesian 6.0 80 (9.5) 37.2 (19.6) 42.9
Indian 1.6 28 (3.3) 41.2 (17.6) 36.7
Asian 2.7 17 (2.0) 48.9 (18.9) 50.0

Table 6:3 The age and gender distribution of each ethnic group 2000-2003

("based on 2001 consensus population data from Statistics New Zealand)

The number of PKP’s performed annually per 100,000 population of each ethnic

group was analyzed (using 2001 New Zealand consensus data*’), with the

results presented in Table 6:5. The highest incidence was identified in the Indian

population (11.8 PKP’s per 100,000) and the lowest in the Caucasian European

population (4.7 PKP’s per 100,000). An identical analysis was conducted for the
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number of PKP’s performed for keratoconus only (Table 6:5). The highest

incidence was identified in the Polynesian population (4.9 PKP’s per 100,000)

and the lowest in the Caucasian European population (1.6 PKP’s per 100,000).

Indication for PKP European Maori Polynesian Indian Asian
(%) (%) % (%) (%)
Keratoconus 198 (37.4) | 77 (69.2) | 47 (58.4) 12 (42.9) | 7 (41.2)
Bullous keratopathy 90 (17.0) | 10(7.7) 7 (8.8) 3(10.7) | 2(11.8)
Regraft 74 (14.0) | 16 (12.3) 5 (6.3) 3(10.7) | 145.9)
Fuchs’ dystrophy 56 (10.6) 0 (0) 0 (0) 0 (0) 1(5.9)
Viral keratitis 32 (6.0) g (6.9) 3(3.8) 3(10.7) | 1(5.9)
Other infective 14 (2.6) 7(5.4) 8 (10.0) 2(7.1) 1(5.9)
keratitis
Trauma 21 (4.0) 5 (3.8) 5 (6.3) 1{3.5) 1(5.9)
Stromal dystrophies 21 (4.0) 2(1.5) 1(1.3) 2(7.1) |2(11.8)
Non-infective keratitis | 10 (1.9) 2(1.5) 1(1.3) 0 (0) 1(5.9)
Other 10 (1.9) 2(1.5) 2 (2.5) 143.5) 0 (0)
Not recorded 4 (0.7) 0 (0) 1(1.3) 1 {3.5) 0 (0)
Total 530 130 80 28 17

Table 6:4 The indications for PKP for each ethnic group 2000-2003
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Ethnicity Total number of Number of PKP’s

PKP’s* for keratoconus *
Caucasian European 4.7 1.6
Maori 6.3 3.6
Polynesian 8.6 4.9
Indian 11.8 4.7
Asian 6.2 1.9
Overall 59 2.5

Table 6:5 The annual number of PKPs performed per 100,000 population of each
ethnic group 2000-2003

6.5 Discussion

New Zealand is a diverse multicultural society with a population of approximately
4 million, distributed over a geographical area slightly greater than the United
Kingdom. The largest ethnic group is comprised of the Caucasian European
population, followed by the indigenous Maori population. New Zealand has many
other minority ethnic groups as a result of significant recent migration from the

Pacific Islands and Asia, amongst other places.
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In concordance with the initial NZNEB study (1991 to 1999)," keratoconus
remains the most common indication for penetrating keratoplasty (PKP) in New
Zealand, accounting for a considerably greater proportion (44%) than the
maijority of other published reports (3% to 37%).**®*" Only Claesson et al®?, in a
recent study of a Palestinian population identified a higher proportion (51%). In
the initial NZNEB study the authors postulated an unusually high prevalence of
keratoconus in New Zealand, particularly in Maori and Polynesian communities,
as a possible explanation. Another explanation was that there may be more rapid
disease progression to the stage requiring PKP in New Zealand compared to
other populations. Unfortunately no data exists on the prevalence or severity of
disease in New Zealand to confirm this. The possibility that other indications may
be disproportionately low in New Zealand was considered unlikely following

comparison with other published reports.’

The current study identified keratoconus as the most common indication for PKP
in all ethnic groups of New Zealand. The incidence of PKP for keratoconus was
particularly high in the Maori and Polynesian communities of New Zealand. Maori
and Polynesian patients were also significantly younger at the time of PKP for
keratoconus. This suggests that there may be a higher prevalence, disease
severity, and/or more rapid progression of keratoconus in New Zealand,
particularly in the Maori and Polynesian populations. Other studies have
identified similar differences for ethnic groups living in the same geographical

area.®® Pearson et al®® in a study of a UK population identified a four-fold



Section 2 -91-

greater incidence of keratoconus and a significantly younger age at operation for
Indians compared to Caucasian Europeans. The Indian population of New

Zealand also has a high annual incidence of PKP for keratoconus.

Asthma and atopic disease have a high prevalence in New Zealand, and both
have been previously recognized as predisposing factors for keratoconus.?®®
Owens et al® in a recent study examining the characteristics of patients with
keratoconus in New Zealand confirmed a high prevalence of allergy, eye rubbing
and asthma in this group. Maori and Polynesian patients were also noted to have
more severe and less well-controlled asthma compared to the general
population.”® A high familial rate of keratoconus, particularly amongst Maori and
Polynesian communities, may also be an important contributory factor for a
higher prevalence of keratoconus in New Zealand. Owens et al®®, identified a

familial rate of 24% in New Zealand, higher than that identified in other published

reports (10-20%).”""?

Pseudophakic or aphakic bullous keratopathy remains the second most common
indication for PKP in New Zealand, with a decreasing trend identified. Other
recently published reports,*® °3 %8 74 75 including that of the Eye Bank Association
of America,”® have also identified a decreasing trend in the proportion of PKP’s
performed for aphakic or pseudophakic bullous keratopathy. Improvements in

cataract surgery technique, intraocular lens technology, use of viscoelastics, and
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a reduction in anterior chamber intraocular lens use have all been cited as

reasons for the decreasing trend. 9 5% %8.74.75.77

Regraft remains the third most common indication for PKP in New Zealand, with
an increasing trend identified. It is likely that the gradually expanding pool of PKP
recipients has led to a corresponding increase in the number of regraft
procedures being performed in New Zealand. Other published reports have also

identified an increasing trend in the number of regrafts being performed.*®-%" %6 74

75,78

Fuchs’ endothelial dystrophy is now the fourth most common indication for PKP,
an increase from sixth in the earlier NZNEB study. The proportion of PKP’s for
Fuchs’ endothelial dystrophy varies significantly in the literature with a range from
2 to 23% reported.*®%3 %6 7. 75 Athough PKP for Fuchs’ endothelial dystrophy
appears to be increasing in New Zealand, no similar trends were identified in
other published reports. PKP for Fuchs’ endothelial dystrophy was significantly
more common in females, confirming the findings of the initial NZNEB study and
in concordance with other published reports.®® " Fuchs’ endothelial dystrophy is
more common in females,’® and because of their greater life expectancy, more
likely to manifest as corneal oedema.’ Interestingly, almost all PKP's for Fuchs’
dystrophy were performed in Caucasian Europeans. This may be related to the

age structure of different ethnic groups in New Zealand, with only 3% of Maori,
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Polynesian, Indian and Asians over 65 years of age, compared to 13% for

Caucasian Europeans.”’

Viral keratitis has decreased from fourth in the initial study to now being the fifth
most common indication for PKP. A gradually decreasing trend from 1994
onwards was identified in the earlier NZNEB study and it appears that this is
continuing. This is in concordance with other published reports.*® 49313359 The
most likely reason for this is the significant advancement in the medical
management of herpetic eye disease.®> 8" Maori were over-represented in the

ethnicity distribution of PKP for viral keratitis. This possibly reflects poorer

medical management in this group rather than a greater prevalence of disease.

6.6 Conclusion

Keratoconus remains the most common indication for PKP in New Zealand,
accounting for a significantly greater proportion than that identified in other
published reports. Keratoconus was the most common indication in all ethnic
groups, and was particularly common in the Maori and Polynesian populations. A
greater prevalence of atopy and asthma, and a high familial rate are likely to be
important contributory factors to a higher prevalence of keratoconus in New

Zealand, however, this needs to be confirmed with further investigation.

Significant trends were identified in relation to other indications for PKP in New

Zealand. In particular, there was a decrease in the proportion of PKP's for



Section 2 -94 -

pseudophakic or aphakic bullous keratopathy, and an increase for regraft and
Fuchs’ dystrophy. These trends are likely to continue, resulting in a significant

change in indications for PKP in the future.



Chapter 7

The New Zealand National Eye Bank:
Assessment of Survival and Visual
Outcome one year following Corneal

Transplantation 1993-2002
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71 Abstract

Purpose
To identify potential donor, recipient, surgical and post-operative factors that may

influence survival and visual outcome of penetrating keratoplasty (PKP).

Methods

As part of a prospective longitudinal study, the electronic records of the New
Zealand National Eye Bank (NZNEB) were analyzed for the 10-year period 1993-
2002. Both univariate and multivariate analyses were performed to identify
factors significantly associated with decreased PKP survival and poor visual

outcome.

Results

During the study period the NZNEB supplied 1820 corneas for PKP, of which
1629 (90%) had one-year follow-up data available. The overall one-year survival
rate was 87% (n = 1429). The leading cause of PKP failure was irreversible
rejection (7%, n = 114) followed by presumed primary tissue failure (1%, n = 17).
Factors identified as independent risk factors for decreased PKP survival in
multivariate analysis were: one or more episodes of reversible rejection; active
inflammation at PKP; pre-existing corneal vascularisation; intra-operative
complications (not further specified); small graft size (< 7.25 mm); large graft size
(2 8.5 mm); pre-operative glaucoma; and a pre-operative diagnosis of regraft or

trauma. Factors identified that were predictive of poor visual outcome in
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multivariate analysis were advancing recipient age; active inflammation at PKP;
pre-existing vascularisation; pre-operative glaucoma; one or more episodes of
reversible rejection; and a pre-operative diagnosis of bullous keratopathy, trauma
or non-infective keratitis. Keratoconus and Fuchs’ endothelial dystrophy were
identified as the pre-operative diagnoses with the most successful survival and

visual outcome following PKP.

Conclusion

The large and comprehensive New Zealand National Eye Bank database has
enabled detailed statistical analysis of a large series of PKPs to be performed,
with several independent risk factors identified that significantly influenced
survival and visual outcome. This information will be invaluable to patients and

surgeons with respect to determining prognosis and clinical decision making.
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7.2 Introduction

In this study the New Zealand National Eye Bank (NZNEB) database was
analyzed with respect to survival and visual outcome one-year post-operatively
for all penetrating keratoplasties (PKP) performed between 1993 and 2002. The
purpose of the study was to identify potential donor, recipient, surgical and post-
operative factors that may effect survival and visual outcome following PKP. A
better knowledge and understanding of such risk factors will be invaluable to both
patients and surgeons with regards to determining prognosis and clinical decision

making.

7.3 Methods

As part of a longitudinal, prospective study, highlighted in earlier chapters, the
electronic records of the NZNEB were analyzed for the 10-year period 1993-2002
with respect to donor, recipient, surgical and post-operative factors influencing

PKP survival and visual outcome one-year post-operatively.

As previously note, data are entered into the computerized NZNEB database in a
prospective manner by eye bank staff. Donor information is entered at the time of
tissue procurement and includes demographic data, donor source and cause of
death, death-to-preservation interval, endothelial assessment, and storage
duration. Recipient and surgical information is collected from surgeons in the
form of a questionnaire completed at the time of operation. Recipient information

collected includes demographic data, pre-operative diagnosis, past ocular
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history, and associated ocular conditions. Surgical information collected includes
graft size, additional operative procedures, suture details, and intra-operative
complications. Follow-up data are collected from surgeons at one-year post-
operatively by way of a mailed questionnaire sent out at the appropriate time
point. Data collected include PKP survival (defined as a clear corneal transplant),
visual outcome, suture adjustment or removal, episodes of reversible rejection
and post-operative complications. Missing data were routinely sought from

surgeons by way of follow-up letters.

Statistical analysis was performed using SPSS software (V. 12) in consultation
with a medical statistician from the Epidemiology Department of the University of
Auckland. Both univariate and multivariate analyses were performed. Statistical
methods were the Fisher's exact test and chi-square testing to compare
proportions between groups, Student’s f test to compare means between groups,
and binary logistic regression modeling to identify variables independently
associated with decreased PKP survival and poor visual outcome. The level of
statistical significance was P < 0.05 unless stated otherwise. Visual acuity was

converted to a logMAR scale for the purposes of statistical analysis.

7.4 Results

7.4.1 Overall PKP survival outcome
During the study period 1820 PKPs were performed, of which 1629 (89.5%) had

one-year follow-up data available. There were 182 (10.0%) patients lost to follow-
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up and 9 (0.5%) that died during the follow-up period. Table 7:1 summarizes
patient demographic data as categorized by the pre-operative diagnosis at the
time of PKP. The overall one-year survival rate was 87.3% (n = 1429), with the
remaining 12.7% (n = 200) of PKPs failing. Reasons for PKP failure are
presented in Table 7:2, with irreversible rejection (n = 114, 7.0%) the leading
cause, followed by presumed primary tissue failure (n = 17, 1.0%) and corneal

vascularisation (n = 14, 0.9%).

Pre-operative diagnosis | Total number Mean age Age %
(%) (SD) range Female

Keratoconus 735 (45.1) 31.9 (12.6) 6-86 40.3
Bullous keratopathy 276 (16.9) 72.3 (12.9) 11-95 56.0
Viral keratitis 120 (7.4) 54.5 (19.9) 7-96 46.2
Regraft 115 (7.1) 52.3 (17.6) 9-94 42.7
Fuchs’ endothelial 81 (5.0) 70.9 (8.2) 45-86 70.1
dystrophy

78 (4.8) 42.9 (19.4) 5-94 18.4
Trauma

65 (4.0) 57.3 (20.9) 3-93 34.1
Stromal dystrophy

42 (2.6) 55.3 (18.7) 22-92 60.7
Infection (non-herpetic)

25 (1.5) 66.6 (17.5) 27-89 61.0
Non-infective keratitis

92 (5.6) 54.7 (20.3) 11-88 52.3
Not specified

Table 7:1 A summary of patient demographic data based on the pre-operative diagnosis
at the time of PKP
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Reason for PKP failure Total number (%)
Irreversible rejection 114 (57.0)
Presumed primary tissue failure 17 (8.5)
Vascularisation 14 (7.0)
Trauma 11 (5.5)
Glaucoma 9 (4.5)
Corneal melt 5(2.5)
Hypotony 3(1.5)
Other 17 (8.5)
Unknown 10 (5.0)
Total 200

Table 7:2 Reported causes for PKP failure at one year post surgery

7.4.2 Donor factors influencing PKP survival outcome

There was no significant difference in survival rate between donor tissue
procured from the Coroner's service (88.6%, 1187/1340), public hospitals
(86.5%, 206/238), or multi-organ donors (92.9%, 73/78) (p = 0.72). No particular
donor cause of death was associated with a reduced survival rate (range 84.0-
90.6%, p = 0.27). Death-to-preservation interval (DPl) was analyzed by
stratification into 5-hour intervals. No significant difference in survival rate

between the intervals was identified, with survival rate ranging from 85.2%
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in the 21- our interval to 92.3% in the 0-5 hour interval (p =
(289/330) in the 21-25 h [ | to 92.3% (36/39) in the 0-5 h int I (

0.47), and was 91.7% (33/36) for DPI longer than 25 hours.

An endothelial cell density (ECD) greater than or equal to 2500 cells/mm? is the
threshold required for a cornea to be accepted for PKP according to the NZNEB
protocol. Mean donor ECD was not significantly different between PKPs that
survived (3020 cellsfmm?, SD 334 cells/mm?) and those that failed (3013
cellsi/mm?, SD 330 cells/mm?) (p = 0.77). Further analysis of donor ECD by
categorization into 300 cells/mm? intervals also failed to identify an association
between ECD and survival rate (range 87.1% - 90.7%, p =0.94). Within the
lowest ECD range accepted for PKP (2500-2800 cells/mm?) the survival rate was
87.7% (388/445). The effect of donor lens status on survival rate was analyzed
highlighting no significant difference in survival rate between phakic (88.6%,
1374/1551), pseudophakic (81.8%, 31/38) or aphakic (91.6%, 11/12) donors (p =

0.80).

All donor tissue was stored using warm organ culture storage at 34°C, with the
maximum storage duration 25 days as per NZNEB protocol. No difference in
mean storage duration was identified between PKPs that survived (12 days, SD
4.3 days) and those that failed (11.8 days, SD 4.1 days) (p = 0.54). Storage
duration was further analyzed by stratification into 5-day intervals, with no

significant difference in survival rate identified between intervals (0-5 days,
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89.7%; 6-10 days, 86.1%; 11-15 days, 87.7%; 16-20 days, 90.2%; 21-25 days

84.2%) (p = 0.39).

Donor age was not significantly associated with survival rate in this study.
Although mean donor age of PKPs that survived (59.3 years, SD 17.5 years) was
significantly less than those that failed (63.0 years, SD 18.0 years) (p = 0.02), it
was identified that donor tissue used for keratoconus was significantly younger
(mean age 54.8 years, SD 19.3 years) when compared to that for ‘other pre-
operative diagnoses combined’ (mean age 64.1 years, SD 16.2 years) (p < 0.01).
Separate analysis of keratoconus and ‘other pre-operative diagnoses combined’
failed to identify any significant association between donor age and survival rate
(p = 0.50 and p = 0.10 respectively). Donor age was further analyzed by
stratification into 10-year intervals. The highest survival rate was 93.1% for donor
age 21-30 years and the lowest 85.7% for donor age 81-85 years (upper age
limit acceptable for keratoplasty according to NZNEB protocol). The difference in
survival rate between donor age 81-85 years and donor age less than 81 years

(88.0%) did not reach statistical significance (p = 0.20).

7.4.3 Recipient factors influencing PKP survival outcome

A significant difference in survival rate between pre-operative diagnoses was
identified (Table 7:3). Fuchs' endothelial dystrophy (95.1%, p < 0.01) and
keratoconus (94.6%, p < 0.01) had significantly higher survival rates compared to

the other pre-operative diagnoses. In comparison, PKP for trauma (76.9%, p <
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0.01) and infection (non-herpetic) (69.0%, p < 0.01) had a significantly lower
survival rate compared to other pre-operative diagnoses. Regraft procedures
also had a significantly lower survival rate (70.4%, p < 0.01), the survival rate for
first grafts being 88.9% (1168/1313), decreasing to 85.7% (234/273) for second
grafts, 62.1% (18/29) for third grafts, and 64.3% (9/14) for fourth grafts. No
significant difference in survival rate between phakic (88.0%, 1180/1370),
aphakic (86.4%, 13/15) and pseudophakic (86.1%, 41/49) recipients was

identified (p = 0.64).

Pre-operative diagnosis One-year survival rate
Fuchs’ endothelial dystrophy 95.1% (77/81)
Keratoconus 94.6% (694/735)
Stromal dystrophy 87.7% (57/65)
Bullous keratopathy 85.1% (235/276)
Viral keratitis 85.0% (102/120)
Unspecified 81.6% (74/92)
Non-infective keratitis 80.0% (20/25)
Trauma 76.9% (60/78)
Regrafts 70.4% (81/115)
Infection (non-herpetic) 69.0% (29/42)

Table 7:3 One-year survival rates based on pre-operative diagnosis
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Pre-existing vascularisation of the recipient cornea was significantly associated
with decreased survival rate (p < 0.001). Recipients with pre-existing corneal
vascularisation had a survival rate of 78.1% (373/478), compared to 92.9%
(1056/1137) in those with no vascularisation. One quadrant of pre-existing
vascularisation was associated with a survival rate of 81.4% (118/145), 2
quadrants 80.5% (99/123), 3 quadrants 75.0% (54/72), and 4 quadrants 67.6%
(75/111). There was no statistically significant difference in survival rate between
1 and 2 quadrants (p = 0.85), 2 and 3 quadrants (p = 0.36) or 3 and 4 quadrants
(p = 0.20) of pre-existing vascularisation. However, a significant difference in
survival rate was identified when 4 quadrants was compared with either 1 (p =
0.01) or 2 quadrants (p = 0.02) of pre-existing vascularisation. Pre-existing
corneal vascularisation was most commonly reported in viral keratitis cases
(75.0%, 90/120), followed by of regraft cases (59.1%, 68/115), infection (non-

herpetic) (54.0%, 23/42) and trauma cases (44.9%, 38/78).

Active anterior segment inflammation at the time of PKP was associated with a
significantly lower survival rate (p < 0.001). Recipients with active inflammation
had a survival rate of 68.6% (131/191) compared to 91.2% (1271/1394) in cases
with no inflammation. Recipients with pre-operative glaucoma also had a lower
survival rate (76.8%, 149/194) compared to those in whom elevated |IOP had

never been recorded (90.6%, 1208/1333) (p < 0.001).
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Recipient gender and age were not significantly associated with a decreased
survival rate in this study. Although the mean recipient age of PKPs that survived
(46.8 years, SD 18.2 years) was significantly less than those that failed (54.3
years, SD 19.4 years) (p = 0.01), significant confounding by differences in pre-
operative diagnosis between recipient age groups was identified. Analysis of
each pre-operative diagnosis separately failed to identify any significant
association between recipient age and survival rate (range p = 0.19 for regraft to

p = 0. 88 for Fuchs’ dystrophy).

7.4.4 Surgical factors influencing PKP survival outcome

There was a significant association identified between graft diameter size and
survival rate. The survival rate for different graft sizes is presented in Table 7:4.
The survival rate was significantly decreased for graft sizes equal to or less than
7.25 mm (p = 0.01) and for graft sizes greater than or equal to 8.50 mm (p <
0.01), when compared to the ‘medium’ graft size range (7.50 mm to 8.25 mm).
Table 7:5 presents the distribution of pre-operative diagnoses for each graft size

range.
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Graft size (mm)

Survival rate (%)

<7.00
7.00
7.25
7.50
175
8.00
8.25
8.50
8.75
>8.75

68.4 (13/19)
75.0 (27/36)

81.4 (92/113)
88.4 (129/146
93.0 (371/399
85.7 (197/230
91.2 (426/467
80.3 (53/66)

78.4 (80/102)
56.7 (17/30)

P

Table 7:4 Survival rate for different graft diameter sizes

Pre-operative diagnosis

Number per graft size (%)

< 7.25mm 7.5-8.25mm 2 8.50 mm

Bullous keratopathy 25 (16.7) 213 (18.0) 38 (20.4)
Fuchs’ dystrophy 4(2.7) 72 (7.0) 4 (2.2)

Infection (non-herpetic) 6 (4.0) 12 (1.0) 8 (4.3)

Keratoconus 46 (30.9) 604 (51.1) 85 (45.7)
Non-infective keratitis 5(3.4) 10 (0.8) 10 (5.4)
Stromal dystrophy 21 (14.9) 31 (2.6) 11 (5.9)
Regraft 12 (8.1) 90 (7.6) 13 (7.0)
Trauma 9(6.1) 60 (5.1) 8 (4.3)

Viral keratitis 21 (14.1) 88 (7.4) 10 (5.4)

Table 7:5 The distribution of pre-operative diagnoses for different graft size ranges
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The performance of an additional operative procedure at the time of PKP was
associated with a significant decrease in survival rate (p < 0.01). The survival
rate reduced from 90.2% (1114/1235) if “PKP only” was performed to 82.5%
(311/377) if there were one or more additional procedures. The most common
additional procedures and the corresponding survival rates were: extracapsular
cataract extraction and posterior chamber intraocular lens insertion (ECCE +
PCIOL) (85.0%, 96/113); anterior vitrectomy (70.6%, 72/102); exchange of IOL
(80.7%, 25/31); and removal of IOL (83.3%, 25/30). Of these, anterior vitrectomy
(p < 0.01) resulted in a significant decrease in survival rate, whereas, the
observed decrease in survival rate associated with ECCE + PCIOL (p = 0.07),
exchange of IOL (p = 0.08) and removal of IOL (p = 0.2) failed to reach statistical

significance.

The presence of operative complications (not further specified) significantly
decreased the survival rate from 89.9% (1323/1472) to 78.0% (64/82) (p <
0.001). No significant difference in survival was identified between suture
methods used: continuous 85.3% (388/455); interrupted 89.0% (389/437); and
combined continuous/ interrupted 87.6% (632/723). Furthermore, no difference

was identified between suture type (p = 0.14) or suture gauge (p = 0.9) used.

7.4.5 Post-operative factors influencing PKP survival outcome
The occurrence of one or more episodes of reversible rejection significantly

decreased survival rate (p < 0.001). The survival rate was 93.6% (1163/1243) if
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no episodes of reversible rejection occurred, 68.8% (172/250) if there was one
episode, 67.3% (33/49) if there were two episodes, and 61.4% (27/44) in cases

of three or more episodes.

Other post-operative complications (excluding reversible rejection and PKP
failure) were reported in 12.0% (196/1629) of PKPs. The survival rate was 88.7%
(1269/1431) in the absence of complications and significantly decreased to
81.7% (160/196) in cases where one or more complications were reported (p <
0.01). The most common complications reported and the corresponding one-year
survival rates are presented in Table 7:6. Uveitis, suture-related problems,
glaucoma, and persistent epithelial defect were the most frequently recorded
complications. Only post-operative glaucoma resulted in a statistically significant

reduction in survival rate (p = 0.02).

Suture status one-year post-operative was classified as ‘all remaining’, ‘all
removed’, or 'some removed’, with no difference in survival rate identified
between the groups (88.1%, 92.2%, and 91.0% respectively, p = 0.07). There
was no significant difference in survival rate (p = 0.10) between different post-
operative antibiotic-steroid combinations used. A survival rate of 89.4% (884/987)
was identified for a regimen of Maxitrol (Dexamethasone 0.1%, Neomycin
0.35%) compared to 85.7% (282/329) for Prednisone acetate 1% plus

Chloramphenicol 0.5%.
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Complication No. of No. survived (%) | p-value
keratoplasties
Uveitis 31 25 (80.6%) 0.08
Suture-related 27 24 (88.8%) 0.24
Glaucoma 26 19 (73.1%) 0.02
Persistent epithelial defect 18 14 (77.8%) 0.08
Infection 13 11 (84.6%) 0.27
Wound leak 13 12 (92.3%) 0.70
Trauma 6 5 (83.3%) 0.60
Irido-corneal adhesion 4 4 (100%) 2
Shallow AC 3 3 (100%) -
Hyphema 3 1(33.3%) -
Retinal detachment 3 1(33.3%) -

Table 7:6 Most commonly reported post-operative complications (statistical significance
compares the specified complication compared to PKPs without complications)

7.4.6 Multivariate analysis of PKP survival outcome

Factors identified as significantly associated with a decreased PKP survival rate
in univariate analysis were further analyzed by multi-factorial modeling using
binary logistic regression. This enabled confounding variables to be accounted
for and the identification of independent risk factors associated with decreased

PKP survival. The results of this analysis are presented in Table 7:7.
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Factors identified as independent risk factors in order of significance were: one or
more episodes of reversible rejection; active anterior segment inflammation at
the time of PKP; pre-existing corneal vascularisation; intra-operative
complications (not further specified); small diameter graft size (< 7.25 mm); large

diameter graft size (2 8.5 mm); and pre-operative glaucoma.

Pre-operative diagnoses that were identified as independent risk factors were
regraft and trauma. The remaining pre-operative diagnoses along with donor
age, recipient age, additional surgical procedures and post-operative glaucoma

were not identified as significant independent risk factors in multivariate analysis.
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Variable Odds ratio | Significance Cl (95%)
Donor age 1.01 0.79 0.99-1.02
Recipient age 0.99 0.52 0.98-1.01
Indication
Bullous keratopathy 1.54 0.25 0.74-3.18
Fuchs’ endothelial dystrophy 1.13 0.84 0.34-3.81
Infection (non-herpetic) 1.68 0.28 0.63-4.51
Keratoconus 0.85 0.67 0.40-1.80
Non-infective keratitis 2.79 0.08 0.88-8.90
Stromal dystrophy 1.29 0.62 0.48-3.45
Regraft 2.90 0.004 1.39-6.00
Trauma 2.85 0.015 1.22-6.69
Viral keratitis 1.35 0.78 0.65-3.68
Active inflammation 2.41 < 0.001 1.55-3.74
Corneal vascularisation 1.75 0.005 1.19-2.58
Pre-operative glaucoma 1.65 0.04 1.10-2.30
Small graft size 2.41 0.01 1.50-3.89
Large graft size 1.88 0.03 1.18-2.60
Anterior vitrectomy 1.74 0.15 0.82-3.72
Operative complications 1.87 0.04 1.03-3.40
2 1 reversible rejection episodes 543 < 0.001 3.80-7.76
Post-operative glaucoma 2.22 0.14 0.77-6.46

Table 7:7 Multivariate analysis of risk factors influencing PKP survival outcome
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7.4.7 Visual outcome

Keratoplasty was performed to improve visual function in 87.5% (n = 1430) of
cases, for structural reasons in 6.8% (n = 112), for pain in 4.6% (n = 76), and for
a combination of reasons in 1.1% (n = 17). Visual outcome (in terms of best-
corrected Snellen visual acuity (BCSVA) at one-year post-operatively) for all
surviving PKPs is presented in figure 7:1. The most frequently recorded BCSVA
was 6/9 (27.8%) followed by 6/12 (15.3%) and 6/6 (11.9%), with the mean
BCSVA overall 6/15 (logMAR 0.40). The mean BCSVA for each pre-operative
diagnosis is presented in Table 7:8. Keratoconus had the most favourable visual
outcome (mean BCSVA 6/10) followed by Fuchs' endothelial dystrophy (6/15)
and viral keratitis (6/18). Bullous keratopathy (6/40) and non-infective keratitis
(6/60) had the poorest visual outcome. Unfortunately pre-operative visual acuity
was not recorded in the database preventing analysis of improvement in visual

acuity. Post-operative astigmatism was insufficiently reported to allow analysis.

Table 7:9 presents the results of a multivariate analysis performed to identify
independent risk factors associated with poor visual outcome (defined as BCSVA
of 6/36 or worse). Advancing recipient age, active anterior segment inflammation
at the time of keratoplasty, pre-operative glaucoma, pre-existing corneal
vascularisation and one or more episodes of reversible rejection were all
significantly associated with poor visual outcome. Bullous keratopathy, non-
infective keratitis, and trauma were the pre-operative diagnoses identified as

significant independent risk factors for poor visual outcome.
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Figure 7:1 Distribution of best corrected Snellen visual acuity one-year post-
operatively. (CF = counting fingers; HM = hand movements; LP = light perception; NPL =
no perception of light; NR = not recorded)

Pre-operative Mean BCVA
diagnosis
logMAR (SD) Snellen VA
Keratoconus 0.25 (0.20) 6/10
Fuchs’ dystrophy 0.40 (0.46) 6/15
Viral keratitis 0.46 (0.45) 6/18
Stromal dystrophy 0.47 (0.48) 6/18
Regraft 0.50 (0.55) 6/20
Infection (non-herpetic) 0.60 (0.59) 6/24
Trauma 0.72 (0.70) 6/30
Bullous keratopathy 0.80 (0.61) 6/40
Non-infective keratitis 0.99 (0.73) 6/60
Overall 0.40 (0.49) 6/15

Table 7:8 Mean post-operative best corrected visual acuity for each indication
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Variable Odds ratio | Significance Cl (95%)
Donor age 1.00 0.87 0.99-1.01
Recipient age 1.08 0.01 1.06-1.11
Indication
Bullous keratopathy 25 0.01 1.40-4.55
Fuchs’ endothelial dystrophy 0.69 0.35 0.31-1.50
Infection 1.90 0.16 0.77-4.69
Keratoconus 0.58 0.10 0.32-1.10
Non-infective keratitis 4.05 0.01 1.40-11.80
Stromal dystrophy 1.05 0.91 0.48-2.30
Regraft 142 0.29 0.74-2.72
Trauma 2.34 0.02 1.17-4.83
Viral keratitis 1.15 0.67 0.61-2.20
Active inflammation 2.23 0.01 1.52-3.27
Corneal vascularisation 1.45 0.02 1.06-1.97
Pre-operative glaucoma 1.64 0.01 1.11-2.42
Small graft diameter size 0.81 0.20 0.49-1.20
Large graft diameter size 1.23 0.33 0.82-1.84
Additional lens surgery 1.18 0.50 0.74-1.90
Anterior vitrectomy 1.90 0.08 0.92-3.98
Operative complications 1.35 0.28 0.79-2.30
2 1 reversible rejection episodes 2.00 0.01 1.46-2.74
Post-operative complications 0.90 0.71 0.55-1.50

Table 7:9 Multivariate analysis of the risk factors associated with visual acuity of 6/36 or
worse
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7.5 Discussion

The overall one-year survival rate identified in this study (87%) was comparable
to that of other published reports, with one-year survival rates in the literature
typically ranging from 80% to 91%.°% #9°' |rreversible rejection followed by
endothelial failure and vascularisation were identified as the most common
reasons for PKP failure in this study. Other published reports also cite glaucoma
and infection as common reasons for PKP failure.®® ® %2 % Qyerall visual
outcome was also similar to that of other published reports, with 60% of
recipients achieving a one-year post-operative BCSVA of 6/18 or better

compared with the range of 48%-70% reported in the literature 5% 8% 8991, 94,95

Donor factors (donor age, donor source, donor cause of death, death to
preservation interval, endothelial cell density, donor lens status, and storage
duration) were not significantly associated with decreased keratoplasty survival
or poorer visual outcome in this study. The results of this large New Zealand
based study tend confirm trends that have previously been reported with respect

to donor-related risk factors. 87 90 96-102

Pre-operative diagnosis, as and indication for PKP, was significantly associated
with survival rate in this study. The results of this study were consistent with
those of earlier reports, with the highest survival rates identified in keratoconus
followed by Fuchs’ endothelial dystrophy, and the lowest associated with trauma

and regraft %% 82 88 9193, 104109 £op regraft, the survival rate further decreased
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according to the number of previous grafts, also in concordance with the
literature B0 8284, 92. 96. 97, 107. 108, 110 pegsons cited for poor survival outcome in
regraft and trauma included the presence of high-risk pre-operative conditions,
the need for additional surgical procedures, and the increased incidence of post-

operative complications. 07 108111, 112

Keratoconus and Fuchs' endothelial dystrophy were identified as the pre-
operative diagnoses associated with the most successful visual outcome in this
study. In contrast, non-infective keratitis, bullous keratopathy and trauma were
identified as independent risk factors for poor visual outcome. Other published
studies reported similar results with keratoconus having the best visual outcome

overall, followed by Fuchs' endothelial dystrophy and viral keratitis 8% 82 84 9495,

108113 14 |n these studies, bullous keratopathy, trauma and regraft were
recognized as having the least successful visual outcome.

60, 82-84, 92, 93, 115 116 pre_existing

As has been reported in previous studies,
vascularisation of the recipient cornea was identified as a significant independent
risk factor for decreased keratoplasty survival. Furthermore, the decrease in
survival rate was proportional to the number of quadrants of pre-existing
vascularisation, with four quadrants of vascularisation resulting in a significantly
lower survival rate than one or two quadrants. This has also been recognized in

other published reports.®” % The results of this study support the conclusion that

pre-existing vascularisation increases the risk of an immunological response
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against the corneal graft, consequently leading to a higher rate of irreversible

rejection.% 1%

The presence of active anterior segment inflammation at the time of PKP was
identified as one of the most significant independent risk factors for decreased
keratoplasty survival in this study. Two of the largest corneal transplant studies,
the Australian Graft Registry®® and the Corneal Transplant Follow-up Study,®
also identified a similar strong association between active anterior segment
inflammation at the time of PKP and a decreased survival rate. This study also
confirmed that a history of pre-operative glaucoma is a significant independent
risk factor for decreased PKP survival 8% 82 90 93.96. 97119 price ot a1 jdentified
pre-operative glaucoma as an independent predictor of endothelial failure, and
suggested that high I0OP leads to increased risk of endothelial decompensation,

possibly through direct damage to endothelial cells.

After accounting for the differences in pre-operative diagnosis between age
groups, this study identified no significant decrease in survival rate with
advancing recipient age. Again this is in concordance with other studies that
report no association or only a marginal association between advancing recipient
age and survival rate %% 82 90. 93 98. 104116120 Ajthough there are conflicting
reports in the literature regarding the influence of recipient gender on survival

rate, with some studies reporting male gender to be a significant risk factor for
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decreased PKP survival, this study identified no relationship between recipient

gender and survival rate,%0 9103104

Recipient factors that were identified as independently associated with poor
visual outcome were pre-existing vascularisation, active anterior segment
inflammation at the time of keratoplasty, a history of pre-operative glaucoma, and
advancing recipient age. Of these, pre-operative glaucoma, pre-existing
vascularisation and advancing recipient age have been previously recognized as
predictors of poor visual outcome. 2 84 91. 98.114.121. 122 poor pre_operative visual
acuity was also reported as a significant predictor of adverse visual outcome,

unfortunately this data was unavailable for analysis in this study.®* '??

Both small and large graft diameter sizes were identified as independent risk
factors for decreased PKP survival in multivariate analysis. There are conflicting
reports in the literature regarding the influence of both small and large graft size

on survival rate.% 82 90.93.94.107.116.122 geyerg| large studies have identified small

graft size to be significantly associated with decreased PKP survival.® 82909397

%% cited higher rates of endothelial failure due to a reduced number of

Price et a
transplanted intact endothelial cells as a possible reason for this association.
Increased risk of rejection failure with smaller graft sizes has also been

d.?% 997 geveral studies, including the preceding, have also identified

reporte
large graft size to be significantly associated with decreased keratoplasty

survival, with a higher rate of endothelial rejection cited as the reason for this
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association.?% 82 90. 93. 94122 per published studies however reported no

association between graft size and survival rate.'®” "®

In the current study, the performance of an anterior vitrectomy at the time of PKP
was associated with a significant decrease in survival rate at the univariate level.
However, in multivariate analysis the relationship was no longer apparent. A
possible explanation is the association between identified between performance
of an anterior vitrectomy and pre-operative diagnoses with lower survival rates
(trauma, regraft, and bullous keratopathy). In the literature, a significant
association between vitreous surgery and decreased PKP survival has been
frequently reported, both at the univariate and multivariate level 8% 82 89. %. 104,107
In concordance with other published reports, the performance of additional lens
surgery was not significantly associated with decreased PKP survival in this

60, 82, 92, 96, 104, 124, 125

study.

This study confirmed the association previously recognized between post-
. . . . . . 60, 104, 126-

operative episodes of reversible rejection and decreased PKP survival.

29 Indeed, only one episode of reversible rejection was required to significantly

decrease survival rate. The survival rate further decreased with increasing

episodes of reversible rejection. In multivariate analysis, the occurrence of one or

more episodes of reversible rejection was recognized as the most significant

factor predictive of poor keratoplasty survival. A significant decrease in survival

rate was identified in the presence of post-operative glaucoma at univariate level
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only. Several other studies have reported post-operative glaucoma as a
significant independent risk factor for decreased PKP survival.?> "% 1'% |n the
current study, the only post-operative factor identified to be independently
associated with poor visual outcome was the occurrence of one or more

episodes of reversible rejection.

7.7 Conclusion

The large and comprehensive New Zealand National Eye Bank database has
enabled detailed statistical analysis of this large series of PKPs performed in
New Zealand. Several independent risk factors were identified that significantly
influenced PKP survival and visual outcome. Factors identified that were
predictive of poor keratoplasty survival were active inflammation at keratoplasty,
pre-existing vascularisation, pre-operative glaucoma, small or large graft size,
intra-operative complications, episodes of reversible rejection and a pre-

operative diagnosis of regraft, trauma or infection.

Factors identified that were predictive of poor visual outcome were advancing
recipient age, active inflammation at keratoplasty, pre-existing vascularisation,
pre-operative glaucoma, one or more episodes of reversible rejection, and a pre-

operative diagnosis of bullous keratopathy, trauma or non-infective keratitis.
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Chapter 8

The Indications and Outcome of
Paediatric Corneal Transplantation in
New Zealand: 1991-2003
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8.1 Abstract
Purpose
To evaluate patient characteristics, indications, surgical details, and outcome of

paediatric keratoplasty in New Zealand.

Methods
As part of a prospective longitudinal study, paediatric keratoplasty data collected
by the New Zealand National Eye Bank was analyzed for the 13-year period

1991-2003.

Results

During the study period the NZNEB supplied 2547 corneas for keratoplasty, of
which 65 (3%) were used for paediatric patients (14 years or younger). The 65
keratoplastie's were performed in 58 eyes of 52 patients (66% male, 34% female,

mean age 10.6 years, SD = 4.3 years). Indications were classified into three

groups: congenital (16%, n = 9), acquired non-traumatic (74%, n = 43), and

acquired traumatic (10%, n = 6). Peters’ anomaly (7% of total), keratoconus
(67%) and penetrating trauma (8%) were the most common indications in each
group respectively. Eighty-two percent of keratoplasties with known outcome
survived (clear graft) one year post-operatively, 16% failed, and one patient died.
Keratoplasty for congential indications had a lower one-year survival rate (78%)

compared to acquired non-traumatic (85%) and traumatic (100%) indications,

although the difference was not statistically significant (p = 0.65). Thirty-eight
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percent of patients with known outcome had a one-year post-operative best-
corrected Snellen visual acuity (BCSVA) of 6/9 or better, and 60% had a BCSVA
of 6/18 or better. Visual outcome was significantly better for acquired compared

to congenital indications (p = 0.03).

Conclusion

Analysis of the NZNEB database provided valuable information in relation to
paediatric keratoplasty in New Zealand. In particular, this study highlighted an
unusually high prevalence of keratoconus as an indication for keratoplasty. In
addition, a high one-year survival rate and good visual outcome was identified,

especially in cases of keratoplasty for acquired conditions.
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8.2 Introduction

Paediatric keratoplasty is a difficult undertaking which presents a wide range of
challenges pre-operatively, intra-operatively and post-operatively."**'* The
presence of amblyopia, associated ocular pathology, and greater severity of
disease may significantly limit visual outcome.’®"*® The surgical procedure is
technically more complex due to the decreased rigidity and increased elasticity of
the infant cornea and sclera, the smaller size of the infant eye, the increased
intra-operative fibrin formation and the positive vitreous pressure.’**'® Post-
operative follow-up and management may be more complicated, and graft

rejection is often difficult to detect and treat.'"°

In this component of the inter-related studies highlighted in preceding chapters,
the NZNEB database was analyzed for the 13-year period 1991 to 2003 with
respect to patient characteristics, indications, surgical details and outcome of

paediatric keratoplasty.

8.3 Methods

As part of a longitudinal, prospective study, the electronic records of the NZNEB
were analyzed for the 13-year period 1991-2003 with respect to demographics of
recipients, indications, donor information, surgical details, and outcome of

paediatric keratoplasty.
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Data are entered into the computerized NZNEB database in a prospective
manner by eye bank staff. Donor information is entered at the time of donor
tissue procurement. Recipient and surgical information is collected from
surgeons at the time of operation. Follow-up data is obtained at one and two
years post-operatively and is collected from surgeons by way of a mailed

questionnaire sent out at the appropriate time point.

Statistical analysis was performed in consultation with a medical statistician from
the Epidemiology Department of the University of Auckland. The SPSS V 12
software package was used. Statistical methods were the Fishers exact test
(when total number of observations were less than 20) and chi-square testing to
compare proportions between groups, the Student’s t test to compare means
between groups, and logistic regression modeling to identify factors associated
with decreased keratoplasty survival. The level of statistical significance was P <
0.05 unless stated otherwise. Visual acuity was converted to a logMAR scale for

the purposes of statistical analysis.

8.4 Results

8.4.1 Patient demographics

During the 13-year study period the NZNEB supplied 2547 corneas for
keratoplasty, of which 65 (3%) were used for patients within the paediatric age
group (14 years or younger). The 65 keratoplasties were performed in 58 eyes of

52 patients. The mean age of patients at the time of operation was 10.6 years
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(standard deviation (SD) = 4.3 years), median age 12.0 years, and range 2
weeks to 14.0 years. The gender distribution was 66% (n = 34) male and 34% (n

= 18) female.

8.4.2 Indications

The indications for paediatric keratoplasty are presented in Table 8:1. The
diagnostic classification system developed by Stulting et al'™® was used to
facilitate comparison with other published reports. Indications were classified into
three groups: congenital, acquired non-traumatic and acquired traumatic
conditions. The congenital group accounted for 16% (n = 9) of keratoplasties, the
acquired non-traumatic group 74% (n = 43), and the acquired traumatic group
10% (n = 6). Peters’ anomaly (7% of total, n = 4) was the most common
indication in the congenital group, keratoconus (67% of total, n = 39) in the
acquired non-traumatic group, and penetrating trauma (9% of total, n = 5) in the
acquired traumatic group. There were seven regraft procedures performed during
the study period with original indications being keratoconus (n=3), viral keratitis
(n = 1), Peters’ anomaly (n = 2), and penetrating trauma (n = 1). Keratoplasty
was performed to improve visual acuity in 86% (n = 56) of cases, for tectonic

reasons in 6% (n = 4), and for a combination of reasons in 8% (n = 5).
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Preoperative Diagnosis Number of eyes % of total
Congenital 9 15.5
Peters’ anomaly 4 6.9
CHED 2 3.4
Limbal dermoid 1 1.7
Congenital corneal opacity not 2 34

otherwise specified

Acquired non-traumatic 43 741
Keratoconus 39 67.2
Viral keratitis 4 6.9
Acquired traumatic 6 10.3
Penetrating trauma 5 8.6
Aphakic corneal oedema 1 1.7

Table 8:1 Indications for paediatric keratoplasty

(CHED = congenital hereditary endothelial dystrophy)

The age and gender distribution for each diagnostic group are presented in Table
8:2. There was no significant association between pre-operative diagnosis and
gender identified (congenital, p = 0.16; acquired non-traumatic, p = 0.26;
acquired traumatic, p = 0.43; regraft, p = 0.41, X%test). The indications for

different age groups (using stratified 5-year intervals) are presented in Table 8:3.
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Peters’ anomaly was the leading indication in the less than five years age group

and keratoconus in the remaining two groups.

Diagnosis group Mean age Median Age range Male (%)
(SD) age
(years) (years)
Congenital 3.0 (3.2) 2 2wk -10 yrs 44%
Acquired non-traumatic 124 (2.2) 13.0 6 -14 yrs 64%
Acquired traumatic 10.8 (3.6) 12 5-14 yrs 80%
Regraft 9.0 (4.9) 8.0 5 mths -14 yrs 71%

Table 8:2 Age and gender distribution for each diagnostic group
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Age Group Most common diagnoses | Number of eyes
Less than 5 years Peters’ anomaly 3
CHED 2
Congenital corneal opacity 2

not otherwise specified

Aged 5 to 9 years Keratoconus 5
Penetrating trauma 2
Viral keratitis 2
Peters anomaly 1

Aged 10 to 14 years | Keratoconus 34
Penetrating trauma 3
Viral keratitis 2
Aphakic corneal oedema 1
Limbal dermoid 1

Table 8:3 Indications for keratoplasty for different age groups

{(CHED = congenital hereditary endothelial dystrophy)

8.4.4 Surgical details
Keratoplasty was performed by 22 different surgeons in 10 centres throughout

New Zealand. Penetrating keratoplasty was performed in 62 cases and lamellar
keratoplasty in the remaining three cases. The indications for lamellar

keratoplasty were limbal dermoid, Peters’ anomaly, and congenital corneal
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opacification not otherwise specified. Donor information was available for all
corneal tissue used with mean donor age 44.4 years (SD = 18.0 years), median
age 46.5 years, and range 10 to 77 years. Mean endothelial cell density (ECD)
was 3074 cells'rmm? (SD = 386 cells/mm?), median ECD was 3065 cells/mm?,
and ECD range was 2578 to 4210 cellss/mm?2. The donor cornea button was
sutured to the recipient corneal rim with 10-0 nylon in 95% (n = 62) and a
combination of nylon and prolene in 5% (n = 3). An interrupted suture technique
was used in 40% (n = 26), a single continuous suture in 26% (n = 17), and a

combined interrupted/ continuous technique in 34% (n = 22).

Reported pre-operative ocular conditions included corneal vascularisation in 19%
(n = 12), previous intraocular surgery in 14% (n = 9), a history of elevated
intraocular pressure in 6% (n = 4), and active ocular inflammation at the time of
operation in 9% (n = 6). Additional operative procedures performed were anterior
vitrectomy in 5% (n = 3), cataract extraction and intraocular lens insertion in 3%
(n = 2), iridectomy in 2% (n = 1), and iridectomy plus synechiolysis in 2% (n = 1).
No significant intraoperative complications were reported. Early post-operative
complications (within 3 weeks) included wound leak in 5% (n=3), wound infection
in 2% (n=1), corneal ulcer in 3% (n=2), and early graft rejection in 2% (n=1).
Postoperative medical management consisted of Maxitrol (Dexamethasone
0.1%, Neomycin 0.35%) in 60% (n = 39), Prednisone acetate 1% plus
Chloramphenicol 0.5% in 32% (n =21), with other antibiotic-steroid combinations

in 8% (n =5).
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8.4.5 Outcome

Outcome was evaluated one-year post-operatively with follow-up data available
for keratoplasties performed from 1991 to 2001. There were 58 keratoplasties
during this interval with follow-up data available for 88% (n = 51). The remaining
12% (n = 7) were lost to follow-up. The survival rate was determined by analyzing
the percentage of keratoplasties that were surviving (clear graft) at one-year
post-operatively. Eighty-two percent (n = 42) of keratoplasties survived, 16% (n =
8) failed, and one patient died. Survival rates for different diagnostic groups were:
congenital, 78%; acquired non-traumatic, 85%; acquired traumatic, 100%; and
regraft procedures, 80%. Survival rates for different age groups were: less than 5
years, 82%; 5 to 9 years, 78%; and 10 to 14 years, 83%. The differences
between diagnostic groups (p = 0.65) and age groups (p = 0.51) were not
statistically significant. There was no statistical difference in survival rate based

on suture method (p = 0.50) or type of post-operative medication used (p = 0.91).

The most common reason for keratoplasty failure was irreversible rejection (10%
of total, n = 5), followed by presumed primary tissue failure (defined as failure of
the graft to clear) (4%, n = 2) and trauma (2%, n = 1). Episodes of reversible
rejection were reported in 22% (n = 9) of cases that survived one-year post-
operatively. Logistic regression analysis was performed in an attempt to identify
factors which may be associated with decreased keratoplasty survival. Factors
included were pre-existing corneal vascularisation, pre-operative glaucoma,

active inflammation at keratoplasty, small or large diameter graft size, additional
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intra-operative procedures, immediate post-operative complications, and
episodes of reversible rejection. However, no individual factor was identified from
this analysis which resulted in a statistically significant decrease in keratoplasty

survival.

Best-corrected Snellen visual acuity (BCSVA) was reported in 90% (n = 38) of
cases that survived one-year post-operatively (Table 8:4). Thirty-eight percent (n
= 19) had a BCSVA of 6/9 (20/30) or better and 60% (n =30) had a BCSVA of
6/18 (20/60) or better. Spectacles (n = 14) or contact lens (n = 2) were provided
in 38% of cases. Visual outcome for each diagnostic group is presented in Table
5. Visual outcome was significantly better for acquired (mean logMAR 0.2, 6/10)
compared to congenital indications (mean log MAR 1.1, 6/75) (p = 0.03).
Unfortunately pre-operative visual acuity was not available for analysis as this

was not recorded in the NZNEB database.



Section 2

-134 -

Outcome and visual acuity

Number of corneas (%)

Survived

> 6/6

6/6- 6/9

6/12 - 6/18

6/36- 6/60

< 6/60

Not tested

Failed

Patient Died

42 (82.0)

1(2.0)

17 (33.3)

12 (23.5)

4 (7.8)

4 (7.8)

4 (7.8)

8 (16.0)

1(2.0)

Table 8:4 Outcome of paediatric keratoplasty one-year post-operatively

Diagnostic group > 6/9 | 6/12-6/18 | 6/36-6/60 | < 6/60 r\éso?tz:’ Failed
Number of eyes

Congenital 1 - 2 2 2 2

Acquired nontraumatic 13 11 2 - 2 5

Acquired traumatic 2 1 - - - 0

Regraft 2 - - 2 - 1

Table 8:5 Keratoplasty outcome for each diagnostic group and for regraft procedures
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8.5 Discussion

As previously noted, New Zealand is a multi-cultural society with a population of
approximately 4 million, served by 110 Ophthalmologists, distributed over a
geographical area slightly greater than the United Kingdom. Over 200
keratoplasties are performed annually in New Zealand and the NZNEB was
established in 1991 to support this demand. Over the 13-year study period it was
estimated that the NZNEB supplied at least 90% of all donated ocular tissue.
Therefore, in relation to paediatric keratoplasty, analysis of the NZNEB database
provides an accurate representation of corneal disease and keratoplasty in New

Zealand.

The indications for paediatric keratoplasty vary significantly in the literature.
Table 8:6 provides a comparison between this study and the major studies
published over the last two decades. Most studies used the age criteria of 14
years or younger. The proportion of keratoplasties performed for congenital
indications ranged from 14-64%, for acquired non-traumatic 19-80%, and for
acquired traumatic 6-29%."34"37- 140 | this study, the proportion of keratoplasties
performed for acquired non-traumatic indications (74%) was significantly greater
than that for congenital (16%) and acquired traumatic (10%) indications. This is
in contrast to the majority of published reports, in which congenital indications

contribute a significantly greater proportion.'3%-'33 36



Section 2 -136 -

Study Age Number of | Congenital | Acquired non- | Acquired
criteria eyes* traumatic traumatic
Stulting et al'® <15years | 107 45 (42%) | 31 (29%) 31 (29%)
Cowden et al'*? <15years |57 25 (44%) | 16 (28%) 16 (28%)
Aasuri et al'® <15years | 154 47 (31%) | 85 (55%) 22 (14%)
Dana et al'®’ <12years | 131 84 (64%) | 25 (19%) 22 (17%)
Dada et al'® <13 years | 370 51 (14%) | 296 (80%) 23 (6%)
Current study <15years | 58 9 (16%) 43 (74%) 6 (10%)

Table 8:6 Indications for paediatric keratoplasty reported in the literature.

(* Excludes regraft procedures)

Keratoconus was the most common acquired non-traumatic indication in this
study, accounting for 67% of all keratoplasties. This was notably higher than
other published reports where keratoconus accounted for only 0-11% of
paediatric keratoplasties, with post-infectious corneal scarring the most common
acquired non-traumatic indication reported in the literature. %" "% Similar to
previous studies, %33 1% the most common congenital indication identified in
this study was Peters’ anomaly followed by congenital hereditary endothelial
dystrophy, and the most common indication in the acquired traumatic diagnostic

group was penetrating trauma.

The notably high prevalence of keratoconus as an indication for paediatric

keratoplasty reflects that which was identified by Edwards et al', who were the
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first to report that keratoconus was the leading indication (45%) for keratoplasty
in the adult population in New Zealand, accounting for a significantly higher
proportion of keratoplasties compared to other published reports. Ethnic
differences in keratoconus prevalence, severity, and rate of disease progression

d,"1% and keratoconus is thought to be particularly

have been well recognize
prevalent in Maori and Pacific Island communities, which constitute a large
proportion of the New Zealand population. Edwards et al' postulated that this
high prevalence, and possibly more rapid disease progression and severity, has
led to the uniquely high prevalence of keratoconus as an indication for
keratoplasty in New Zealand. Similarly, this may explain the high prevalence of
keratoconus identified in this study. Over the last six years the NZNEB database

has incorporated recipient ethnicity data to further investigate the relationship

between ethnicity and keratoconus in New Zealand.

Survival rates published by the foremost studies of paediatric keratoplasty are
presented in Table 8:7. Mean follow-up generally ranged from one to two years
and the reported survival rates ranged from 46 to 80%.'3"3% 1011 Keratoplasty
performed for congenital indications had a lower survival rate compared to
acquired non-traumatic and acquired traumatic indications.'3013% 10 141 The
overall survival rate of 82% in this study was high when compared to other
published reports.”133 140. 1" This may be due to the longer follow-up period at
132, 133, 140, 141

which survival rates were reported in some of the other studies.

Another contributing factor may be the high proportion of keratoplasties
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performed for acquired non-traumatic indications. In concurrence with other

published reports, a higher survival rate for acquired compared to congenital

indications was identified in this study,

132, 133, 140, 141

although this did not reach

statistical significance, possibly due to the small size of the congenital group. Of

particular note, keratoplasty performed for keratoconus had an excellent

prognosis with a one-year survival rate of 90%.

Survival Rate (%)

Study Mean follow- | Congenital Acquired Acquired Overall
up period non- traumatic
(years) traumatic
Stulting et al'™ 1984 1 60 73 70 66
Dana et al'™' 1995 1 80 76 84 80
Aasuri et al'* 2000 1.3 64 71 55 66
Legeais et al™® 1990 2 38 79 71 72
Erlich etal'™' 1991 1.7 29 40 71 46
Cowden et al'*® 1990 1-10* 56 50 56 54
Current study 1 78 85 100 82

Table 8:7 Summary of published survival rates in paediatric keratoplasty




Section 2 -139-

In other published reports, several factors have been identified which increase
the risk of failure in paediatric keratoplasty.”®"3* "2 performance of an
additional surgical procedure at the time of keratoplasty was most significantly
associated with a decreased survival rate, with other factors reported including
pre-operative  glaucoma, associated ocular conditions, and corneal
vascularisation. 133 142147 | this study, no factor was independently associated
with a statistically significant increase in failure rate. However, the relatively small
number of subjects limited this analysis. The influence of age alone on paediatric
keratoplasty survival has been evaluated with conflicting reports in the literature.
Aasuri et al'*® identified a correlation between age under 5 years and allograft
rejection, and commented that this may be due to a more active immune system
in younger patients. Other studies, inciuding this one, did not identify such an
association. "% 31

Poor visual outcome in a surviving keratoplasty (clear graft) is well recognized
within the paediatric age group and is most commonly a result of amblyopia, non-
corneal ocular abnormalities, and post-operative astigmatism.'3-133 136 137 |
concordance with other published reports, this study identified a poorer visual
outcome for congential compared to acquired indications.3%"3% 3 137 A higher
prevalence of amblyopia and associated ocular abnormalities in the congenital
group has been cited as the reason for the less successful visual outcome in this

group. 30133 136 137 e syspect that this may also be the case in this study.

Important considerations therefore are the timing of keratoplasty which should



Section 2 - 140 -

not be delayed unnecessarily and the high priority of post-operative amblyopia

management in at-risk patients.

8.6 Conclusions

Analysis of the New Zealand National Eye Bank database has provided valuable
information in relation to paediatric keratoplasty in New Zealand. In particular,
this study identified an unusually high prevalence of keratoconus as an indication

for paediatric keratoplasty in New Zealand.

High success rates at one-year post-operatively, in terms of both keratoplasty
survival and visual outcome were identified, especially in cases of keratoplasty

for acquired corneal conditions.



Section 2 - 141 -

Section 2 References

1.

10.

11.

12.

13.

14.

Edwards M, Clover GM, Brookes N, et al. Indications for corneal transplantation
in New Zealand: 1991-1999. Cornea 2002; 21:152-155.

Pollock G. A practical guide to eye banking. In Vajpayee RB, ed. Corneal
Transplantation. 1st Ed. New Delhi: Jaypee Brothers Medical Publishers Ltd,
2002: 22-31.

European Eye Bank Association Directory. 7th Ed. 1991.

Moyes AL, Holland EJ, Palmon FE, Dvorak JA, Doughman DJ. Tissue Utilization
at the Minnesota Lions’ Eye Bank. Cornea 1995; 14: 571-577.

Armitage WJ, Eastly DL. Factors influencing the suitability of organ-cultured
corneas for transplantation. Invest Ophthalmol Vis Sci 1997; 38: 16-24

Gain P, Thuret G, Chiquet C, et al. Cornea procurement from very old donors:
post organ culture cornea outcome and recipient graft outcome. Br J Ophthalmol
2002; 86: 404-411.

Moyes AL, Holland EJ, Palmon FE, Dvorak JA, Doughman DJ. Tissue Utilization
at the Minnesota Lions’ Eye Bank. Cornea 1995; 14(6): 571-577.

Williams KA, Muehlberg SM, Lewis RF, et al. Influence of advanced recipient and
donor age on the outcome of corneal transplantation. Australian Corneal Graft
Registry. Br J Ophthalmol 1997; 81: 835-9.

Chu W, Dahl P, O'Neill MJ. Benefits of specular microscopy in evaluating eye
donors aged 66 and older. Cornea 1995; 14: 568-70, 634.

Forster RK, Fine M. Relation of donor age to success in penetrating keratoplasty.
Arch Ophthalmol 1971; 85: 42-7.

Chang SD, Pecego JG, Zadnik K, Danneffel MB, Mutti DO, Mannis MJ. Factors
influencing graft clarity. Cornea 1996, 15: 577-81.

Jenkins MS, Lempert SL, Brown SI. Significance of donor age in penetrating
keratoplasty. Ann Ophthalmol 1979; 11:974-6.

Boisjoly HM, Tourigny R, Bazin R, et al. Risk factors of corneal graft failure.
Ophthalmology 1993; 100: 1728-35.

Probst LE, Halfaker BA, Holland EJ. Quality of corneal donor tissue in the
greater-than-75-year age group. Cornea 1997; 16: 507-11.



15.

16.

17.

18.

19.

20.

21.
22.
23.
24.

25.

26.

27.

28.

29.

30.

Section 2 -142 -

Wilson SE, Bourne WM. Corneal preservation for penetrating keratoplasty.
Kaufman HE, Barron BA, McDonald MB. The Cornea 2nd Ed. Butterworth-
Heinemann 1997, 33: 781-803.

Yee RW, Matsuda M, Schultz RO, Edelhauser HF: Changes in the normal
corneal endothelial pattern as a function of age. Curr Eye Res 1985; 4:671.

Culbertson WM, Abbot RL, Forster RK. Endothelial cell loss in penetrating
keratoplasty. Ophthalmology 1982; 89: 600-4.

Mattern RM, Heck EL, Cavanagh HD. The impact of tissue utilization of
screening donor corneas by specular microscopy at the University of Texas
Southwestern Medical Centre. Cornea 1995; 14: 562-7.

Bourne WM. Morphologic and functional evaluation of endothelium of
transplanted human corneas. Trans Am Ophthalmol Soc 1983; 81: 403.

Williams KA, Muehlberg SM, Bartlett CM, Esterman A, Coster DJ. The Australian
Corneal Graft Registry Report. Adelaide,1999.

The New Zealand Health Information Report. NZ Government Statistics, 2000.
Statistics New Zealand Report. NZ Government Statistics, 2001

Tullo AB, Dyer PA. Corneal Transplantation in Britain. Br Med J 1995;310:1347
Ehlers N. Corneal banking and grafting. The background to the Danish Eye Bank
System, where corneas await their patients. Acta Ophthalmol Scand 2002; 80:
572-578.

Chu W. The Past 25 Years in Eye Banking. Cornea. 2000; 19(5): 754-765

Szaflik J, Liberik I, Brix M. Corneal Storage Methods. Transplantation
Proceedings 2000; 32(6): 1424-1425.

Doughman DJ. Prolonged donor cornea preservation in organ culture: long term
clinical evaluation. Trans Am Ophthalmol Soc. 1980; 78: 567.

Doughman DJ, Van Horn D, Harris JE, et al. The ultrastructure of the human
organ cultured cornea. Arch Ophthalmol 1974; 92: 516.

Leveille AS, McMullan FD, Cavanagh HD. Endophthalmitis following penetrating
keratoplasty. Ophthalmology 1983; 90: 38-9.

Pardos GJ, Gallagher MA. Microbial contamination of donor eyes. A
retrospective study. Arch Ophthalmol 1982; 100: 1611-3.



31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.
45.

Section 2 -143 -

Cameron JA, Antonios SR, Cotter JB, et al. Endophthalmitis from contaminated
donor corneas following penetrating keratoplasty. Arch Ophthalmol 1991; 109:
54-9.

Kloess PM, Stulting RD, Waring GO |Ill, et al. Bacterial and fungal
endophthalmitis after penetrating keratoplasty. Am J Ophthalmol 1993; 115: 309-
16

Antonios SR, Cameron JA, Badr IA, et al. Contamination of donor cornea: post-
penetrating keratoplasty endophthalmitis. Cornea 1991; 10: 217-20.

EBAA Medical Advisory Board Agenda. For the Meeting of the EBAA Medical
Advisory Board; June 24 1999; Newport Beach, CA.

Borderie VM, Laroche L. Microbiologic study of organ-cultured donor corneas.
Transplantation 1998; 66:120-3.

Poole TG, Insler MS. Contamination of donor cornea by gentamycin-resistent
organisms. Am J Ophthalmol 1984; 97:560-4.

Mathers WD, Lemp MA. Corneal rim culture. Cornea 1987; 6:231-3.

Albon J, Armstrong M, Tullo A. Bacterial Contamination of Human Organ-
cultured Corneas. Cornea 2001; 20: 260-3.

Wiffen SJ, Weston BC, Maguire LJ, Bourne WM. The value of routine donor
corneal rim cultures in penetrating keratoplasty. Arch Ophthalmol 1997; 115:
719-724.

Everts RJ, Fowler WC, Chang DH, Reller BL. Corneoscleral rim cultures. Cornea
2001; 20:586-589.

Stenson S, Newman R, Freyne P, Rosenthal S. Contamination of M-K stored
keratoplasty donor material. Ophthalmic Surg 1980; 11: 395-7.

Baer JB, Nirankari VS, Glaros DS. Streptococcus endophthalmitis from
contaminated donor corneas after keratoplasty. Arch Ophthalmol 1988; 106: 517.

Insler MS, Urso LF. Candida albicans endophthalmitis after penetrating
keratoplasty. Am J Ophthalmology 1987; 104 57.

European Eye Bank Association Directory 12th Ed. 2004.

Williams KA, White MA, Badenoch PR, et al. Donor cornea procurement: six year
review of the role of the eye bank in South Australia. Aus NZ J Ophthalmology
1990; 18:; 77-89.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Section 2 - 144 -

Brady SE, Rapuano CJ, Arentsen JJ, et al. Clinical indications for and
procedures associated with penetrating keratoplasty, 1983-1988. Am J
Ophthalmol 1989;108:118-22.

New Zealand Population Consensus Report. NZ Government Statistics, 2001.

Chen WL, Hu FR, Wang IJ. Changing indications for penetrating keratoplasty in
Taiwan from 1987 to 1999. Cornea 2001;20:141-144.

Al-Yousuf N, Mavrikakis [, Mavrikakis E, et al. Penetrating keratoplasty:
indications over a 10 year period. Br J Ophthalmol 2004;88:998-1001.

Maeno A, Naor J, Lee HM, et al. Three decades of corneal transplantation:
indications and patient characteristics. Cornea 2000;19:7-11.

Cosar CB, Sridhar MS, Cohen EJ, et al. Indications for penetrating keratoplasty
and associated procedures, 1996-2000. Cornea 2002;21:148-151.

Robin JB, Gindi JJ, Koh K, et al. An update of the indications for penetrating
keratoplasty, 1979 through 1983. Arch Ophthalmol 1986;104:87-9.

Legeais J, Parc C, D’'Hermies F. Nineteen years of penetrating keratoplasty in
the Hotel-Dieu Hospital in Paris. Cornea 2001;20:603-6.

Poinard C, Tuppin P, Loty B, et al. The French national waiting list for
keratoplasty created in 1999: patient registration, indications, characteristics, and
turnover. J Fr Ophthalmol 2003;26:911-19.

Frucht-Perry J, Shtibel H, Soloman A, et al. Thirteen years of penetrating
keratoplasty in Israel. Cornea 1997;16:16-20.

Cursiefen C, Kuchle M, Naumann GOH. Changing indications for penetrating
keratoplasty : Histopathology of 1250 corneal buttons. Cornea 1998;17:468-70.

Mkanganwi N, Nondo SI, Guramatunhu S. Indications for corneal grafting in
Zimbabwe. Central African J Med 2000;46:300-2.

Chan CM, Wong TY, Yeong SM, et al. Penetrating keratoplasty in the Singapore
National Eye Centre and donor acquisition in the Singapore Eye Bank. Annals
Acad Med, Singapore 1997;26:395-400.

Flowers CW, Chang KY, McLeod SD, et al. Changing indications for penetrating
keratoplasty, 1989-1993. Cornea 1995;14:583-8

Williams KA, Muehlberg SM, Bartlett CM, Esterman A, Coster DJ. Australian
Graft Registry Report. Adelaide, 2000.



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.
74.

75.

76.

Section 2 - 145 -

Brooks AM, Weiner JM. Indications for penetrating keratoplasty: a
Clinicopathologic review of 511 corneal specimens. Aus NZ J Ophthalmol
1987;15:277-81.

Claesson M, Armitage WJ. Corneal grafts at St John Eye Hospital, Jerusalem,
January 2001-November 2002. Br J Ophthalmol 2004;88:858-860.

Pearson AR, Soneji B, Sarvananthan N, et al. Does ethnic origin influence the
incidence of severity of keratoconus? Eye 2000;14:625-8.

Tay KH, Chan WK. Penetrating keratoplasty for keratoconus. Annals Acad Med,
Singapore 1997;26:132-7.

Tuft SJ, Moodaley LC, Gregory WM, et al. Prognostic factors for the progression
of keratoconus. Ophthalmology 1994;101:439-47.

Gasset AR, Hinson WA, Frias JL. Keratoconus and atopic diseases. Ann
Ophthaimot 1978; 10:991-4.

Khan MD, Kundi N, Saeed N, et al. Incidence of keratoconus in Spring catarrh.
Br J Ophthalmol 1988:72:41-3.

Totan Y, Hepsen IF, Cekic O, et al. Incidence of keratoconus in subjects with
vernal keratoconjunctivitis. Ophthalmology 2001;108, number 4.

Owens H, Gamble G. A profile of keratoconus in New Zealand. Cornea
2003;22:122-125.

Pomare E, Tutengaehe H, Ramsden I, et al. Asthma in Maori People. N Z Med J
1992;105:469-70.

lhalainen A. Clinical and epidemiological features of keratoconus - genetic and
external factors in the pathogenesis of the disease. Acta Ophthalmol Suppl
1986;178:1-64.

Zadnik K, Barr JT, Edrington TB, et al. The Collaborative Longitudinal Evaluation
of Keratoconus (CLEK) Study. Invest Ophthalmol Vis Sci 1998;39:2537-46.

Rabinowitz YS. Keratoconus. Surv Ophthalmol 1998;42:297-319.

Dobbins KRB, Price FW, Whitson WE. Trends in indications for penetrating
keratoplasty in the Midwestern United States. Cornea 2000;19:813-816.

Al-Towerki AE, Gonnah ES, Al Rajhi A, et al. Changing indications for corneal
transplantation at the King Khaled Eye Hospital. Cornea 2004,23:584-88.

Eye Bank Association of America Statistical Reports 2002. Washington, DC:
EBAA, 2002.



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Section 2 - 146 -

NZ Statistics. Quick facts-people. NZ Government Statistics, 2001.

Lois N, Kowal VO, Cohen EJ, et al. Indications for penetrating keratoplasty and
associated procedures, 1989-1995. Cornea 1997;16:623-629.

Krachmer JH, Purcell JJ, Jr.,Young CW, et al. Corneal endothelial dystrophy: a
study of 64 families. Arch Ophthaimol 1978;96:2036-9.

Lee SY, Pavan-Langston D. Role of acyclovir in the treatment of herpes simplex
viral keratitis. Int Ophthaimol Clin 1994;34:9-18.

Uchio E, Hatano H, Mitsui K, et al. A retrospective study of herpes simplex
keratitis over the last 30 years. Jpn J Ophthalmol 1994:38:196-201.

Vail A, Gore SM, Bradley BA, Easty DL, Rogers CA, Armitage WJ. Conclusions
of the corneal transplant follow-up Study. Br J Ophthalmol 1997;81:631-636.

Dandona L, Naduvilath TJ, Janarthanan M, Ragu K, Rao GN. Survival analysis
and visual outcome in a large series of corneal transplants in India. Br J
Ophthalmol 1997;81.726-731.

Vail A, Gore SM, Bradley BA, Easty DL, Rogers CA. Corneal graft survival and
visual outcome: a multicenter study. Ophthalmology 1994;101:120-7.

Bradley BA, Vail A, Gore SM, Rogers CA, Armitage WJ, Nicholls SM, Easty DL.
Penetrating keratoplasty in the United Kingdom: an interim analysis of the
corneal transplant follow-up study. Clinical Transplants 1993;293-315.

Chan CM, Wong TY, Yeong SM, Lim TH, Tan DT. Penetrating keratoplasty in the
Singapore National Eye Centre and donor cornea acquisition in the Singapore
Eye Bark. Annals of the Academy of Medicine 1997; 26:395-400.

Williams KA, Muehlberg SM, Lewis RF, Coster DJ. How successful is corneal
transplantation? A report from the Australian Corneal Graft Register. Eye
1995;9:219-27

Gain P, Thuret G, Chiquet C, Rizzi P, Pugniet JL, Acquart S, et al. Corneal
procurement from very old donors: post organ culture cornea outcome and graft
faiture. Br J Ophthalmol 2000;86:404-11.

Muraine M, Sanchez C, Watt L, Retout A, Brasseur G. Long-term results of
penetrating keratoplasty. A 10-year-plus retrospective study. Graefes Arch Clin
Exp Ophthalmol 2003;241:571-6.

Teenan DW. Sim KT. Hawksworth NR. Outcomes of corneal transplantation: a
corneal surgeon vs the general ophthalmologist. Eye 2003;17:727-30.



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Section 2 - 147 -

Borderie VM, Schee S, Touzeau O, Vedie F, Carvajal-Gonzalez S, Laroche L.
Donor organ cultured corneal tissue selection before penetrating keratoplasty. Br
J Ophthalmol 1998;82:382-88.

Yorston D, Wood M, Foster A. Penetrating keratoplasty in Africa: graft survival
and visual outcome. Br J Ophthalmology 1996;80:890-94.

Thompson RW, Price MO, Bowers PJ, Price FW. Long-term Graft Survival after
Penetrating Keratoplasty. Ophthalmology 2003;110:1396-1402.

Price MO, Thompson Jr RW, Price Jr FW. Risk factors for various causes of
failure in initial corneal grafts. Arch Ophthalmol 2003;121:1087-93.

Claesson M, Armitage WJ, Fagerholm P, Stenevi U. Visual outcome in corneal
grafts: a preliminary analysis of the Swedish Corneal Transplant Register. Br J
Ophthalmol 2002; 86:174-180.

Saunders PR, Sibley LM, Richards JS, Holland SP, Chow DL, Courtright P.
Outcome of corneal transplantation: can a prioritization system predict outcome?
Br J Ophthalmol 2002;86:57-61.

Boisjoly HM, Tourigny R, Bazin R, et al. Risk factors of corneal graft failure.
Ophthalmology 1993;100:1728-35.

Maguire MG, Stark WJ, Gottsch JD, et al, and the Collaborative Corneal
Transplantation Studies Research Group. Risk factors for corneal graft failure

and rejection in the collaborative corneal transplantation studies. Ophthalmology
1994;101: 1536-47.

Williams KA, Muehlberg SM, Lewis RF, Coster DJ. Influence of advanced
recipient age and donor age on the outcome of corneal transplantation. Br J
Ophthalmol 1997;81:835-839.

Volker-Dieben HJ, D’Amaro J, Kok-Van Alphen CC. Hierarchy of prognostic
factors for corneal graft survival. Aus NZ J Ophthalmol 1987;15:11-18.

Abbott RL, Forster RK. Determinants of graft clarity in penetrating keratoplasty.
Arch Ophthalmol 1979; 97:1071-5.

Palay DA, Kangas TA, Stulting RD, Winchester K, Litoff D, Krachmer JH. The
effects of donor age on the outcome of penetrating keratoplasty in adults.
Ophthalmology 1997;104:1576-9.

Vail A, Gore SM, Bradley BA, Easty DL, Rogers CA, Armitage WJ. Influence of
donor and histocompatibility factors on corneal graft outcome. Transplantation
1994:58:1210-6.



104.

105.

106.

107.

108.

109.

110.

111.

112,

113.

114.

115.

116.

117.

118.

Section 2 - 148 -

Andersen J, Ehlers N. The influence of donor age and post mortem time on
corneal graft survival and thickness when employing banked donor material (A
five-year follow-up). Acta Ophthalmologica 1988;66:313-7.

Sit M, Weisbrod DJ, Naor J, Slomovic AR. Corneal Graft Outcome Study. Cornea
2001;20:129-133.

Price Jr FW, Whitson WE, Collins KS, et al. Five-year corneal graft survival: a
large, single-centre patient cohort. Arch Ophthalmol 1993;111:799-805.

Ehlers N, Olsen T. Long-term results of corneal grafting in keratoconus. Acta
Ophthalmol 1983;61:918-26.

Bersudsky V, Blum-Hareuveni T, Rehany U, Rumelt S. The profile of repeated
corneal transplantation. Ophthalmology 2001;108:461-69.

MacEwen CJ, Khan ZU. Anderson E. MacEwen CG. Corneal re-graft: indications
and outcome. Ophthalmic Surg 1988;19:706-12.

Lim L, Persudovs K, Coster DJ. Penetrating keratoplasty for keratoconus: visual
outcome and success. Ophthalmology 2000;107:1125-31.

Kirkness CM, Ezra E, Rice NSC, Steele ADM. The success and survival of
repeat corneal grafts. Eye 1990;4: 58-64.

Kenyon KR, Starck T, Hersh PS. Penetrating keratoplasty and anterior segment
reconstruction for severe ocular trauma. Ophthalmology 1992;99:396-402.

Doren GS, Cohen EJ, Brady SE. Arentsen JJ. Laibson PR. Penetrating
keratoplasty after ocular trauma. Am J Ophthalmol 1990;110:408-11.

Pineros O, Cohen EJ, Rapuano CJ. Laibson PR. Long-term results after
penetrating keratoplasty for Fuchs' endothelial dystrophy. Arch Ophthalmol
1996;114:15-8.

Fishbaugh J. Visual acuity, residual astigmatism, and graft clarity following
penetrating keratoplasty for keratoconus. Insight 1991,16:24-7.

Mohan M, Panda A, Kumar TS. Results of penetrating keratoplasty in
vascularised corneas. Ann Ophthalmol 1990;22:235-8.

Inoue K, Amano S, Oshika T, Tsuru T. Risk factors for corneal graft failure and
rejection in penetrating keratoplasty. Acta Ophthalmol Scand 2001,79:251-5.

Hill JC. The relative importance of risk factors used to define high-risk
keratoplasty. Ger J Ophthalmol 1996;5:36-41.



119.

120.

121,

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Section 2 - 149 -

Madar TH, Stulting RD. The high risk penetrating keratoplasty. Ophthalmol Clin N
Am 1991;4:411-26.

Rumelt S, Bersudsky V, Blum-Hareuveni T, Rehany U. Preoperative and
postoperative glaucoma in repeated corneal transplantation. Cornea
2002;21:759-65

Ing JJ, Ing HH, Nelson LR, et al. Ten-year postoperative results of penetrating
keratoptasty. Ophthalmology 1998;105:1855-65.

Tay KH. Chan WK. Penetrating keratoplasty for keratoconus. Ann Acad Med
1997;26:132-7.

Vail A. Gore SM. Bradley BA. Easty DL. Rogers CA. Armitage WJ. Clinical and
surgical factors influencing corneal graft survival, visual acuity, and astigmatism.
Ophthalmology 1996;103:41-9.

Sanfilippo F, MacQueen JM, Vaughn WK, Foulks GN. Reduced graft rejection
with good HLA-A and B matching in high risk corneal transplantation. NEJM
1986;315:29-35.

Crawford GJ, Stulting RD. Waring GO 3rd. Van Meter WS. Wilson LA. The triple
procedure. Analysis of outcome, refraction, and intraocular lens power
calculation. Ophthalmology 1986;93:817-24.

Akpek EK, Alton-Yaycioglu R, Karadayi K, Christen W, Stark WJ. Long term
outcome of combined penetrating keratoplasty and intraocular lens implantation.
Ophthalmology 2003;110:1017-22.

Epstein RJ, Seedor JA, Dreizen NG et al. Penetrating keratoplasty for herpes
simplex keratitis and keratoconus: allograft rejection and survival. Ophthalmology
1987;94:935-942.

Wilson SE, Kaufman HE. Major review: graft failure after penetrating
keratoplasty. Surv Ophthalmol 1990;34:325-56.

Yamagami S, Suzuki Y, Tsuru T. Risk factors for graft failure in penetrating
keratoplasty. Acta Ophthalmol 1996;74: 584-8.

Stulting RD, Sumers KD, Cavanagh HD, et al. Penetrating keratoplasty in
children. Ophthalmology 1984; 91:1222-30.

Dana MR, Moyes AL, Gomes JAP, et al. The indications for and outcome in
pediatric keratoplasty. Ophthalmology 1995; 102:1129-38.

Cowden JW. Penetrating keratoplasty in infants and children. Ophthalmology
1990; 97:324-9.



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Section 2 -150 -

Aasuri MK, Prashant G, Gokhle N, et al. Penetrating keratoplasty in children.
Cornea 2000; 19:140-44.

Stulting RD. Penetrating keratoplasty in children. In: Brightbill FS, ed. Corneal
surgery: theory, technique and tissue, 3rd ed. St Louis: Mosby, 1999;66: 526-
537.

Vajpayee RB, Ramu M, Panda A, et al. Oversized grafts in children.
Ophthalmology 1999; 106:829-32.

Dada T, Sharma N, Vajpayee RB. Indications for pediatric keratoplasty in India.
Cornea 1999; 18:296-8.

Pearson A, Soneji B, Sarvananthan N, et al. Does ethnic origin influence the
incidence or severity of keratoconus? Eye 2000; 14:625-8.

Tay KH, Chan WK. Penetrating keratoplasty for keratoconus. Annals Acad Med,
Singapore 1997; 26:132-7.

Tuft SJ, Moodaley LC, Gregory WM, et al. Prognostic factors for the progression
of keratoconus. Ophthalmology 1994; 101:439-47.

Legeais JM, Jobin D, Pouliquen Y. Keratoplasties chez l'enfant, J Fr
Ophthalmology 1990; 13:116-20.

Erlich CM, Rootman DS, Morin JD. Corneal transplantation in infants, children
and young adults: experience of the Toronto Hospital for Sick Children 1979-
1988. Can J Ophthalmology 1991; 26: 206-10.

Parmley VC, Stonecipher KG, Rowsey JJ, et al. Peters’ anomaly: a review of 26
keratoplasties in infants. Ophthalmic Surg 1993; 24:31-5.

Williams KA, Roder D, Esterman A, et al. Factors predictive of corneal graft
survival. Report from Australian Graft Registry. Ophthalmology 1992; 99:403-14.

Yang LL, Lambert SR, Lynn MJ, et al. Long-term results of corneal graft survival
in infants and children with Peter's anomaly. Ophthalmology 1999; 106: 833-48.

Waring GO li, Laibson PR. Keratoplasty in infants and children. Trans Am Acad
Ophthalmol Otolaryngol 1977; 83:283-96.

Musch DC, Meyer RF. Risk of endothelial rejection after bilateral penetrating
keratoplasty. Ophthalmology 1989; 96:1139-43.

Voolker-Dieben HJ, Kok-van Alphen CC, Lansbergen Q, et al. Different
influences on corneal graft survival in 539 transplants. Acta Ophthalmol 1982;
60:190-202.



Section 3

Analysis of the Corneal
Endothelium in the Normal Eye
and Following Penetrating
Keratoplasty



Section 3 -152 -

Chapter 9

The Effects of Corneal Parameters on
the Assessment of Endothelial Cell
Density in Normal Young Adults



Section 3 - 153 -

9.1 Abstract

Purpose

The possible impact of corneal parameters on endothelial cell density (ECD) has
largely been ignored in the normal eye. The aim of this study was to investigate
the possible impact of corneal parameters (corneal thickness, corneal diameter,

and corneal curvature) on ECD values in the normal eye of young adults.

Methods

Sixty two normal subjects (42 female, 20 male) were included in the study. The
age range was 21 to 30 years with the mean age 25 years (SD 3 years). In vivo
confocal microscopy was performed to evaluate mean ECD, mean cell area
(MCA), coefficient of variation for cell area (COVA), and the proportion of
hexagonal cells. The Orbscan system was used to measure corneal thickness,

horizontal corneal diameter, and corneal curvature.

Results

The mean ECD was 3169 cellssmm? (SD 309 cells/mm?) and the mean
percentage hexagonality was 53% (SD 5%). The mean central corneal thickness
(CCT) was 529 ym (SD 43 um). The central ECD was significantly correlated to
the CCT (Pearson’s r = 0.26, p = 0.04). Horizontal corneal diameter (r=0.19, p =
0.14), anterior corneal curvature (r = - 0.07, p = 0.6) and posterior corneal
curvature (r = - 0.07, p = 0.6) were not significantly correlated to ECD.
Percentage hexagonality was not significantly correlated to the corneal

parameters measured.
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Conclusion

This study suggests that corneal thickness may have an important relationship
with ECD in the normal young adult, with lower ECD values expected in thinner
corneas. This is in concordance with previous studies involving children and
elderly populations. The study also suggests that, at least for young aduits,
corneal diameter and corneal curvature does not have a significant impact on the

ECD.
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9.2 Introduction

The corneal endothelium consists of a single layer of cuboidal, hexagonal celis,
which line the posterior corneal surface." 2 As outlined in section 1, the cornea is
supplied with a relatively fixed population of endothelial cells (numerical density
3500 to 4000 cells/mm?) at birth." Although mitosis can occur in young
endothelial cells, it is infrequent in the adult, and injured cells are not replaced. It
is well established that there is a gradual decrease in endothelial cell density
(ECD) and a corresponding increase in polymegathism and pleomorphism with
advancing age." *° Clinically the assessment of ECD and morphology can
provide valuable information in relation to the functional reserve of the corneal
endothelium. Previous chapters have highlighted the importance of endothelial
cell density in relation to indications for, and suitability of, corneas for penetrating
keratoplasty and hence the importance of such parameters for those interested in

corneal transplantation.

Surprisingly, there have been few reports in the literature of the possible impact
of corneal parameters on ECD in the normal eye. Muller et al'® have reported on
the effects of corneal parameters on the assessment of ECD in the elderly eye.
They identified that in an older population, thinner and/or steeper corneas and
longer axial lengths were strongly correlated with lower central ECD values.
However, they identified no significant correlation between horizontal corneal
diameter and ECD in this population. In contrast, in a study involving children

(age range 5 to 15 years) a significant independent correlation was identified
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between increasing horizontal corneal diameter and lower central ECD values."
A significant correlation between thinner corneas and lower ECD values has also
been reported in children.' However, there have been no previous reports that
have assessed the effects of such corneal parameters on ECD in normal young

adults.

The aim of this study was to investigate the possible impact of corneal thickness,
anterior and posterior corneal curvature, and horizontal corneal diameter on the

measurement of ECD values in normal young adults (age range 21-30 years).

9.3 Methods

9.3.1 Subjects

There were 62 normal subjects (42 female, 20 male) in the study group. Only the
right eye of each subject was analysed. The age range of subjects was 21 to 30
years (mean age 25 years, SD 2.7 years). Normal subjects were defined as
those who had no history of contact lens use, no past ocular disease or trauma,
no systemic disease which may affect the cornea, no current ocular symptoms,
and no abnormality on biomicroscopic examination. The subjects were recruited
from students and staff members of the University of Auckland medical school.
Consent was given by all subjects and ethical approval for this study was

obtained from the local Auckland Ethics Committee.
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9.3.2 Measurements

The Orbscan Il slit scanning corneal topography system (Orbscan, Bausch and
Lomb, Salt Lake City, UT, USA) was used to measure corneal thickness, corneal
topography, horizontal corneal diameter and anterior chamber depth. Before
measurement, the subject's head was aligned with the instrument and a head
strap was placed around the back of the head. The subject was advised to keep
both eyes open and fixate on the target. By viewing the live image of the eye on
the monitor, the examiner aligned the two fixation markers reflected by the
instrument on the corneal surface before performing the scan. Three scans were
performed per cornea and the mean value for central cornea thickness, the
horizontal corneal diameter, the spherical equivalent (using the least square
method of determining the best fit sphere), and the eccentricity of the anterior

and posterior surface was recorded.

In vivo confocal microscopy of the cornea was performed using slit-scanning
technology (Confoscan 2, Fortune Technologies America, Greensboro, NC,
U.S.A.).The subject was asked to fixate on a target, and the examination was
performed with a 40x non-applanating, immersion lens that covers an area of
approximately 0.1 mm?. A drop of Viscotears (Carbomer 940 2 mg/g, CIBA
Vision, Australia) on the objective lens served as an immersion and contact
substance. For all examinations, a standard setting of four passes was used, with
a scanning range of between 700 ym and 800um (throughout the z-axis). One
exam was performed on the centre of each cornea and up to 300 images were

obtained for each exam.
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Based on the best visibility of endothelial cells, three representative frames from
each scan were chosen for analysis. All captured images were analysed using
the NAVIS (Nidek Advanced Vision Information System) proprietary software. The
chosen frame size, or region of interest (ROI) was 0.035 mm?. Using manually
adjusted automated cell counts, as many clearly visible cells as possible were
analysed within each frame. The values for ECD, mean cell area, coefficient of
variation for area and length, and percentage of hexagonal cells within each of
the three frames were recorded and the mean values for each cornea were

calculated.

9.3.3 Statistical analysis

Statistical analysis was performed in consultation with a medical statistician from
the Epidemiology Department of the University of Auckland. The SPSS V 12 for
windows (Statistical Product and Service Solutions, Inc., Chicago, IL) software
package program was used. Descriptive statistics (mean, standard deviation,
median and range) were calculated for each set of data. Differences between
data sample means were determined by Student’s ¢ test and one-way analysis of
variance. Pearson’s correlation coefficients were calculated to analyze the
relationship between the parameters. A probability level of 0.05 or less was

considered statistically significant.
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The mean endothelial cell density (ECD) for all subjects was 3169 cells/mm? (SD

309 cells/mm?) and the range was 2450 to 3802 cellss/mm?. There was no

significant gender related difference in ECD (mean ECD in females 31569

cells/mm? (SD 313 cells/mm?), mean ECD in males 3187 cells/mm? (SD 308

cells/mm?), p = 0.75). The ECD characteristics overall and for each gender are

presented in Table 9:1. The analysis of each cornea included between 94 and

169 clearly visible cells (mean 134, SD 16).

Whole group Male Female
Mean (SD) Range Mean (SD) Range Mean (SD) Range
ECD (cellsimm?) | 3168 (309) 2450-3802 | 3187 (308) 2512-3761 | 3159 (313) 2450-3802
MCA (um?) 318 (33) 263-408 317 (32) 266-397 320 (34) 263-408
COVA 32 (4.1) 23.5-43.2 | 30.5(4.7) 24.5-43.2 32.3(3.7) 23.5-40
COVL 13.7 (1.4) 9.9-16.6 13.1(1.6) 9.9-16.6 14.0 (1.2) 10.8-16.1
% hexagonality | 52.7 (5.3) 42.9-68.1 549 (6.6) 42.9-68.1 51.4 (4.3) 43.9-63.1

Table 9:1 Corneal endothelial cell characteristics overall and for each gender (ECD =
endothelial cell density, MCA = mean cell area, COVA = coefficient of variation for cell
area, COVL = coefficient of variation for cell length).
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Analysis of the percentage hexagonality provides a measure of cellular
pleomorphism. The mean percentage hexagonality overall was 53% (SD 5%)
with the range 43 to 68%. Males (55%) had a significantly higher proportion of
hexagonal cells compared to females (51%) (p = 0.02). A negative and
statistically significant correlation was identified between the proportion of
hexagonal cells and the COVA (r = - 0.7, p < 0.01) and COVL (r = - 0.9, p <
0.01), indicating a strong association between loss of hexagonal cell shape and

variation in cell size.

9.4.2 Corneal thickness

The mean central corneal thickness (CCT) was 529 ym (SD 43 pm) and the
range was 429 pm to 627 ym. There was no significant difference in CCT
between males (mean 530 ym, SD 50 pym) and females (mean 529 ym, SD 30
pm) (p = 0.9). When the mean central ECD values were compared with central
corneal thickness values, a modest positive and statistically significant correlation
was identified (Pearson's r = 0.26, p = 0.04) (figure 9:1). This indicates that lower
ECD values were measured in thinner corneas. Although there was a clear trend
for mean CCT to be negatively correlated with the proportion of hexagonal cells
(indicating thinner corneas have a higher proportion of hexagonal cells), this

trend did not reach statistical significance (r = - 0.24, p = 0.06).



Section 3 - 161 -

3900 1 = —

3600 * e, - |
L |
¢ ¢ ’. . *
2 3300 : s ¢ & = \
B %9 % are v o
5 . . et
© ¢ 4\
= 3000 . |
q) .
S * “© % *
'(—_5 E * * ‘
= *
;ch > 2700 + +
° B .
ho} 8 * ® |
C ~ ® |
o 2400
e l
QC) [
] 1 ] = s - A |
3 2100 ‘

y = 1.8639x + 2181.7

1800
400 450 500 550 600 650

Central corneal thickness (um)

Figure 9:1  Relationship between measured central corneal thickness and central
endothelial cell density

9.4.3 Horizontal corneal diameter

The mean horizontal corneal diameter (HCD) overall was 11.7 mm (SD 0.4 mm)
and the range was 10.8 to 13.0 mm. There was no statistically significant
difference in mean HCD between males (mean 11.6, SD 0.3) and females (mean
11.8, SD 0.4) (p = 0.2). No statistically significant correlation between mean HCD
and central ECD was identified (Pearson’'s r = 0.19, p = 0.14) (figure 9:2).
Analysis of percentage hexagonality and HCD revealed no significant

relationship (r = - 0.09, p = 0.45).
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Figure 9:2 Relation between horizontal corneal diameter and central endothelial cell
density

9.4.4 Corneal curvature

The mean overall anterior corneal curvature (equivalent of spherical radius of
curvature) was 7.9 mm (SD 0.2) and the range was 7.5 mm to 8.7 mm. The
mean anterior eccentricity was 0.52, indicating that the mean anterior surface for
all corneas assessed had the shape of a prolate ellipse (flattening peripherally).
No statistically significant difference in mean anterior curvature between males
and females was identified (p = 0.6). There was no statistically significant
correlation identified between mean anterior corneal curvature and central ECD

(Pearson’s r = - 0.07, p = 0.6)(figure 9:3).

The mean posterior corneal curvature was 6.5 mm (SD 0.2 mm) and the range

was 6.0 to 7.9 mm. The mean posterior eccentricity was 0.50, indicating the
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mean posterior surface had a prolate shape. No statistically significant difference

in posterior corneal curvature between males and females was identified (p =

0.6). There was no statistically significant correlation between mean posterior

corneal curvature and central ECD (r = - 0.07, p = 0.6) (figure 9:4).
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9.4.5 Anterior chamber depth

The overall mean anterior chamber depth (ACD) was 3.6 mm (SD 0.3 mm) and
the range was 3.0 to 4.9 mm. No statistically significant difference in mean ACD
between males (mean 3.7 mm, SD 0.4 mm) and females (mean 3.5 mm, SD 0.2
mm) was identified (p = 0.05). There was no statistically significant correlation
identified between mean ACD and central ECD in this study (r = 0.15, p = 0.3). A
summary of the Pearson’s correlation coefficients for all corneal parameters and

endothelial values is presented in Table 9:2.

CCT HCD ABFS PBFS ACD
ECD r=0.26 r=0.19 r=-0.07 r=-0.07 r=0.15
p = 0.04 p=0.14 p = 0.60 p = 0.60 p=0.26
MCA r=-0.23 r=-0.21 r=0.07 r=0.05 r=-0.16
p =0.08 p=0.10 p = 0.60 p=0.73 p=022
r=0.19 r=0.19 r=0.08 r=0.17 r=-0.06
CovL p=0.15 p=0.14 p =053 p=0.20 p=0.64
r=0.18 r=0.27 r=-0.08 r=0.07 r=0.09
cova p=0.17 p=0.03 p =0.50 p=0.59 p=044
0 . r=-0.23 r=-0.10 r=-0.02 r=-0.14 r=0.06
% Hexagonality | ' _ ;g p = 0.45 b =0.88 0 =028 o =0.65

Table 9:2 Summary of Pearson’s correlation coefficients for corneal and endothelial
parameters (ECD = endothelial cell density, MCA = mean cell area, COVL = coefficient of
variation for cell length, COVA = coefficient of variation for cell area, CCT = central corneal
thickness, HCD = horizontal corneal diameter, ABFS = anterior best fit sphere, PBFS =
posterior best fit sphere, ACD = anterior chamber depth). Statistically significant

relationships highlighted in bold.
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9.5 Discussion

The mean value for endothelial cell density (ECD) in this current study (3169
cellss/mm?) was in concordance with that previously reported in the literature for
young adults (range 2680 to 3700 cells/mm?)."*>'® When compared with mean
ECD values reported for children (3400 to 4300 cells/mm?) and for elderly eyes
(2324 to 3175 cells/mm?), a clear trend of decreasing mean ECD with advancing
age is observed.®'" '3 151923 congistent with the majority of other published
reports, there was no significant difference in mean ECD based on gender in this

StUdy.s’ 9,14, 15,24, 25

The mean central corneal thickness (CCT) measurement in this study (529 pm)
was slightly less that that reported by Sanchis-Gimeno et al*® (554 + 16 ym), who
studied the corneal thickness of 1000 young (range 20 to 30 years) emmetropic
subjects using the Orbscan |l slit scanning corneal topography system.
Comparison of CCT with other published reports is limited due to differences in
measurement technique. Although the accuracy, precision and repeatability of
the Orbscan system has been accepted for use in research, it is recognized that
it overestimates CCT compared to the more commonly used technique of

ultrasound pachymetry."®?"- 28

In concordance with previously published reports there was no significant
difference in CCT based on gender in this study.?®>' The relationship between

CCT and age has been extensively studied. The majority of authors report a



Section 3 - 166 -

gradual but insignificant decrease in CCT with advancing age after infancy.>?>® In

contrast, other researchers have reported no change or an increase in CCT with

advancing age.*> ¥’

The relationship between significant endothelial dysfunction and increased
corneal thickness is well established,* ***° and recognized causes of increased
corneal thickness include anterior segment disease and previous intraocular
surgery.?" %% 4144 However, the relationship between corneal thickness and ECD
in the normal eye throughout life has yet to be established, with few reports in the
literature investigating a possible relationship. Studies investigating the influence
of corneal thickness on ECD in the elderly eye have reported conflicting results.
Muller et al'® in a study of pre-operative cataract surgery patients (mean age 75
years, SD 11 years) identified a significant correlation between central ECD and
central, superior and temporal corneal thickness. The authors concluded that in
an older population, lower ECD values would be expected in thinner corneas. In
contrast, Ventura et al*' failed to identify a correlation between corneal thickness
and ECD either pre-operatively or post-operatively in a study of elderly patients
(mean age 71 years, SD 15 years) undergoing cataract surgery. Only one study
investigating the relationship between corneal thickness and ECD in children was
identified in the literature. Muller'? reported a significant correlation between
thinner corneas and lower central ECD values in growing children (mean age 10
years, SD 3 years). Interestingly, the results of this current study suggest that a

similar relationship between central ECD and CCT may also exist in normal
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healthy, young, adult corneas. Chang et al' studied the corneas of young
myopic adults (mean age 22 years, SD 4 years). They identified that longer axial
length was associated with flatter corneal curvature, decreased corneal thickness
and decreased ECD. However, they identified no direct correlation between
corneal thickness and corneal curvature with endothelial cell density. There are
no other published reports investigating the relationship between corneal

thickness and ECD in young adults.

The mean horizontal corneal diameter in this study was identical to that reported
by Rifer et al*® in their study of 390 normal subjects using the Orbscan II
scanning topography system (both 11.7 + 0.4 mm). No significant difference
based on gender was identified in either study.*> Several studies have
investigated the change in corneal diameter with age. The majority of
investigators have reported that corneal diameter reaches adult size by the end
of the third year of life, with no significant age-related increase in corneal
diameter thereafter.'” *°*® However, a few investigators have suggested that
corneal diameter may continue to change into late childhood.*® *° Previous
reports have identified that corneal diameter has an important effect on ECD in
children, with a significant independent negative correlation between horizontal
corneal diameter and central ECD."" " ®* The enlarged posterior corneal surface
associated with an increased corneal diameter may require spreading of
endothelial cells to cover the greater surface area, therefore resulting in a

corresponding decrease in ECD. An increase in corneal diameter during infancy
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or early childhood may therefore be a factor in the recognized decrease in ECD
that occurs during this time. The effect of horizontal corneal diameter on central

L' with no significant

ECD in the elderly eye was studied my Muller et a
correlation identified. In the current study no significant relationship between
horizontal corneal diameter and central ECD was identified for normal young

adults. This suggests that the effect of corneal diameter on the measurement of

ECD in the normal eye may be limited to infants and children only.

The effect of corneal curvature on the measurement of ECD is yet to be
established. A significant correlation between steeper corneas and lower ECD
values has previously been recognized in the elderly eye.' The authors
commented that there may be an artifactual element to this result, as the true
optical effects of increased corneal curvature on the measurement of endothelial
cell area using specular or in vivo confocal microscopy has yet to be elucidated. ™
In this current study no significant correlation between both anterior or posterior
corneal curvature and ECD was identified. This is in concordance with the
findings of Chang et al' who identified no significant relationship between
corneal curvature and ECD in myopic young adults. No studies appear to have
specifically reported on the influence of corneal curvature on the measurement of

ECD in infants or children.

In addition to the measurement of ECD, the percentage hexagonality

(percentage of six sided cells) can also be used as an indicator of the health of
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the corneal endothelium. The mean percentage hexagonality in this current study
(53% * 5%) was less than that identified in two recent published reports that
analyzed mean percentage hexagonality for the same age range as this study
(both 61% * 7%)." °® Percentage hexagonality of the corneal endothelium has
been reported to gradually decrease with advancing age.” ® ' % There was no
correlation between percentage hexagonality and ECD in this study. However, a
significant correlation was identified between decreasing percentage
hexagonality and increased variation in cell area. A correlation between
increasing percentage hexagonality and decreasing corneal thickness was
identified in this study, but the correlation marginally failed to reach statistical
significance (p = 0.057). Percentage hexagonality was not related to the other

corneal parameters assessed or to anterior chamber depth.

9.6 Conclusion

The current study suggests that corneal thickness may have an important
influence on the measurement of ECD in the normal young adult, with lower ECD
values expected in thinner corneas. The results of this study are therefore in
concordance with earlier studies involving children and the elderly that have
demonstrated a significant correlation between corneal thickness and ECD.
Corneal thickness decreases gradually with age and this may contribute to the
apparent decline in ECD recognized with advancing age in the normal eye. The

effect of corneal diameter on ECD appears to be limited to children, with no
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correlation between these parameters identified in this study. This was in

concordance with a previous study involving elderly eyes.

The current study suggests that, at least for young adults, corneal curvature and
anterior chamber depth do not have an effect on the measurement on ECD. The
possible relationship between corneal parameters and endothelial cell density

needs to be further evaluated with larger studies that encompass all age groups.
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Chapter 10

Confocal Microscopy Analysis of
Endothelial Morphology and Function
in the Short and Long term following
Penetrating Keratoplasty
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10.1 Abstract

Purpose
A cross sectional study using in vivo confocal microscopy to evaluate endothelial
morphology and function, in relation to corneal pachymetry and clarity, in the

short and longer term following penetrating keratoplasty (PKP).

Methods

Prospective, cross-sectional study design assessing two study groups: Group 1
subjects - 3 months following PKP (n = 20) and Group 2 subjects - 10 to 14 years
(mean 12 years) following PKP (n = 16). For both groups in vivo confocal
microscopy was performed to evaluate mean endothelial cell density (ECD),
mean cell area (MCA), coefficient of variation for cell area (COVA), and the
proportion of hexagonal cells. The Orbscan Il slit-scanning topographer was used
to measure corneal thickness, corneal curvature, horizontal corneal diameter,

keratometric astigmatism and anterior chamber depth.

Results

For Group 1 subjects the mean ECD was 2425 cells/mm? (SD 564 cells/mm?),
the MCA was 431 ym? (SD 106 um?), the COVA was 39.2 (SD 9.1), and the
mean percentage of hexagonal cells was 45% (SD 7.1%). For Group 2 subjects
the mean ECD was 1394 cells/mm? (SD 156 cells/mm?), the MCA was 722 ym?
(SD 82 um?3), the COVA was 56.3 (SD 12.3), and the mean percentage of
hexagonal cells was 29% (SD 6%). In Group 2 the mean ECD was significantly

less, the COVA was significantly greater, and the proportion of hexagonal cells
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was significantly less compared to Group 1 (p < 0.001). Corneal thickness was

significantly greater in Group 2 compared to Group 1 (p = 0.04).

Conclusion

In vivo confocal microscopy can be used successfully to study the corneal
endothelium following PKP. The results of this study identify an apparent
accelerated loss of endothelial cells in transplanted corneas that persists for
several years following PKP. There is also a corresponding increase in cell size,
variation in cell size, and variation in cell shape with time following PKP. An
increase in corneal thickness was identified in the long term following PKP that

likely reflects a decrease in corneal barrier and endothelial pump function.



Section 3 - 174 -

10.2 Introduction

The endothelial cells of the human cornea are responsible for maintaining the
normal, relatively dehydrated state of the tissue, thereby assuring corneal
transparency.” This is achieved through the metabolic pump function of the
endothelial cells, an active process that is controlled by Na*/K* ATPase and
involves the generation of a bicarbonate ion gradient across the corneal

endothelium.>>8

The cornea is supplied with a relatively fixed number of endothelial cells at birth,
and it is well-documented that there is a gradual decline in endothelial cell
density (ECD) with advancing age.* *° ®° Studies have indicated a minimum ECD
of 400-500 cells/mm? is required to control stromal hydration and maintain
corneal transparency.'®™ ®' The decrease in ECD is associated with a
corresponding increase in size variation (polymegathism) and shape variation
(pleomorphism), as the remaining cells spread to maintain the barrier properties

of the corneal endothelium.®'%3

It has been demonstrated that endothelial cell loss may be exacerbated by
certain corneal diseases and after intraocular surgery.® ® Previous studies have
reported that following penetrating keratoplasty (PKP) the rate of endothelial cell
loss may be especially marked.®® ®® This increased rate of decline in ECD may

have a significant effect on long term corneal transplant survival.> '®®
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In this cross sectional study, in vivo confocal microscopy was used to evaluate
endothelial morphology and function in the short and long term following PKP. As
highlighted in the previous chapter, in vivo confocal microscopy is a powerful tool
which allows observations of the living human eye at the cellular level (figure
10:1).*® High resolution en face optical sections of the corneal endothelial layer
are provided for analysis. A sophisticated quantitative image analysis system
allows detailed assessment of the endothelial cell layer.>® There have been few
previous reports that use in vivo confocal microscopy to examine transplanted
corneas in patients.®® In this study in vivo confocal microscopy was used to
evaluate ECD, mean endothelial cell area, variation in cell length and area, and

cell shape (‘percentage hexagonality’) of recipient corneas following PKP.

Slit scanning topography was also used in this study to evaluate corneal
thickness and corneal shape following PKP (figure 10:2). Corneal thickness is an
important parameter that can be used to indirectly evaluate corneal barrier and
endothelial pump function.®® Other corneal parameters measured were anterior
and posterior corneal curvature, horizontal corneal diameter, keratometric

astigmatism, and anterior chamber depth.
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Figure 10:1 (A) Corneal histology: meridional section of the human anterior (top) and
posterior (bottom) cornea stained with haematoxylin and eosin. Inset = full section. DM =
Descemet’s membrane; En endothelium; K = keratocytes. (B) Schematic representation of
the human keratocyte network. (C-F) In vivo confocal microscopy of the central human
cornea. Bar = 50 um. (C) Surface epithelial cells and their nuclei (D) Basal epithelium. (E)
Keratocyte nuclei in the anterior stroma. (F) Endothelium. Cell nuclei (arrow) and
endothelial guttae (arrowhead) are occasionally visible.

(From: Jalbert I, Stapleton F, Papas E, et al. In vivo confocal microscopy of the human
cornea. British Journal of Ophthalmology 2003;87:225-236)
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Figure 10:2 Standard Orbscan Il topography system Quad map print out with anterior
float map (top left), posterior float map (top right), keratometric map (bottom left) and
pachymetry map (bottom right).
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10.3 Methods

10.3.1 Subjects

Group 1 subjects (short term outcome) were recruited from Auckland Public
Hospital beginning in January 2004. All patients who were booked for PKP
following standard clinical assessment were invited to participate in the study.
Consecutive patients were approached until the sample size of 20 was reached.
The demographic and clinic data of subjects is presented in Table 10:1. There
was no difference from current standard practice in the pre-operative, surgical,
and post-operative management of patients. All PKP’s were performed by one of
four consultant ophthalmologists who sub-specialise in corneal surgery. All

clinical investigations for the study were performed 3 month post-operatively.

Group 2 subjects (long term outcome) were recruited using the New Zealand
National Eye Bank (NZNEB) database. The NZNEB was established in 1991 and
maintains an electronic database with information collected on all corneal
transplant recipients. The NZNEB has supplied all donor tissue used by corneal
surgeons at Auckland Public Hospital from 1991 onwards. The inclusion criterion
for this study was ‘all patients who underwent PKP for keratoconus at Auckland
Public Hospital between 1991 and 1994 (corneal transplants between 10 and 14
years old)y. Exclusion criteria were: (1) patients not living in the Auckland
geographical region, (2) patients who required regrafting, (3) patients who had
additional surgical procedures in the grafted eye, and (4) patients with

documented corneal transplant failure or irreversible rejection. A total of 68



Section 3 -179 -

patients met the required criteria and were invited to participate in the study. A
final sample size of 16 transplanted corneas (15 subjects) was recruited. The
mean post-operative time following PKP was 12 years (SD 1.7 years) and the
range was 10 to 14 years. The demographic and clinical data of subjects is

presented in Table 10:1.

Group 1 Subjects

Group 2 Subjects

Total number

Age (yrs)
Mean (SD)
Range

Gender
Male
Female

Clinical indications
for PKP

20

46 (13)
22-76

12
8

Keratoconus (n = 12)
Viral keratitis (n = 3)
Fuchs dystrophy (n = 2)
Regraft (n = 2)
Bullous keratopathy (n =1)

16

47 (9)
35-68

7
8

Keratoconus (n = 16)

Table 10:1 Demographic and clinical information for Group 1 and Group 2 subjects

All donor corneal tissue was provided by the NZNEB. The NZNEB uses light
microscopy accompanied by intravital staining with trypan blue to assess the
endothelial layer. As noted in previous chapters, an ECD greater than or equal to
2500 cellss/mm? is the threshold required for a cornea to be accepted for

transplantation. Ethical approval for this study was obtained from the local



Section 3 - 180 -

Auckland Ethics Committee and informed written consent was obtained from all

subjects prior to their enrolment in the study.

10.3.2 Measurements

The Orbscan |l slit scanning corneal topography system (Orbscan, Bausch and
Lomb, Salt Lake City, UT, USA) was used to measure corneal thickness, corneal
topography, horizontal corneal diameter and anterior chamber depth. Before
measurement, the subject's head was aligned with the instrument and a head
strap was placed around the back of the head. The subject was advised to keep
both eyes open and fixate on the target. By viewing the live image of the eye on
the monitor, the examiner aligned the two fixation markers reflected by the
instrument on the corneal surface before performing the scan. Three scans were
performed per cornea and the mean value for central cornea thickness, the
horizontal corneal diameter, the spherical equivalent (using the least square
method of determining the best fit sphere), the eccentricity of the anterior and
posterior surface, mean keratometric astigmatism and anterior chamber depth

was measured.

In vivo confocal microscopy of the cornea was performed using a slit-scanning
technology (Confoscan 2, Fortune Technologies America, Greensboro, NC,
U.S.A.).The subject was asked to fixate on a target, and the examination was
performed with a 40x non-applanating, immersion lens that covers an area of
approximately 0.1 mm?® A drop of Viscotears (Carbomer 940 2 mg/g, CIBA

Vision, Australia) on the objective lens served as an immersion and contact
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substance. For all examinations, a standard setting of four passes was used, with
a scanning range of between 700 uym and 800um (throughout the z-axis). One
exam was performed on the centre of each cornea and up to 300 images were

obtained for each exam.

Based on the best visibility of endothelial cells, three representative frames from
each scan were chosen for analysis. All captured images were analysed using
the NAVIS (Nidek Advanced Vision Information System) proprietary software. The
chosen frame size, or region of interest (ROl) was 0.035 mm?. Using manually
adjusted automated cell counts, as many clearly visible cells as possible were
analysed within each frame. The values for ECD, mean cell area, coefficient of
variation for area and length, and percentage of hexagonal cells within each of
the three frames were recorded and the mean values for each cornea were

calculated.

10.3.3 Statistical analysis

Statistical analysis was performed in consultation with a medical statistician from
the Epidemiology Department of the University of Auckland. The SPSS V 12
software package was used. Descriptive statistics (mean, standard deviation,
median and range) were calculated for each set of data. Other statistical
methods used were the Fishers exact test to compare proportions between
groups and the Student’s t test to compare means between groups. The level of

statistical significance was P < 0.05 unless stated otherwise.
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10.4 Results

10.4.1 Short term outcome

The mean ECD was 2425 cellsimm? with a standard deviation (SD) of 564
cells/mm?. The median ECD was 2532 cellssmm? and the range was 1536 to
3277 cellsimm?. The mean endothelial cell area was 431 um? (SD 106 um?) with
the range 305 to 653 um>2 The coefficient of variation of cell area was 39.2 (SD
9.1). The mean percentage of hexagonal cells was 45% (SD 7.1%) with the

range 25 to 58%.

The mean central corneal thickness was 560 um (SD 50 um) with the range 460
to 700 um. The mean overall anterior corneal curvature was 8.3 mm (SD 0.9
mm), with the median 8.1 mm and range 6.3 to 10 mm. The mean anterior
eccentricity was 0.27 (SD 0.31), indicating that the mean anterior cornea
assessed followed the shape of a prolate ellipse (flattens peripherally). The mean
posterior corneal curvature was 6.6 mm (SD 0.7 mm), with the median 6.5 mm
and range 5.1 to 8.6 mm. The mean posterior eccentricity was 0.18 (SD 0.21)
(prolate shape). The mean horizontal corneal diameter was 11.7 mm (SD 0.6
mm), the mean anterior chamber depth was 3.7 mm (SD 0.7mm), and the mean

keratometric astigmatism was 6.0 D (SD 3.2 D).

10.4.2 Long term outcome
The mean ECD was 1394 cells/mm? (SD 156 cells/mm?). The median ECD was

1411 cells/mm? and the range was 1182 to 1712 cellssmm?. The mean
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endothelial cell area was 722 um? (SD 82 pum?) with the range 591 to 852 pm>.
The coefficient of variation of cell area was 56.3 (SD 12.3). The mean

percentage of hexagonal cells was 29% (SD 6%) with the range 21 to 40%.

The mean central corneal thickness was 590 um (SD 40 ym) with the range 530
to 670 pm. The mean overall anterior corneal curvature was 7.10 mm (SD 0.77
mm), with the median 7.0 mm and range 6.0 to 8.4 mm. The mean anterior
eccentricity was 0.41 (SD 0.51) (prolate shape). The mean posterior corneal
curvature was 6.6 mm (SD 0.7 mm), with the median 6.5 mm and range 5.1 to
8.6 mm. The mean posterior eccentricity was 0.40 (SD 0.43) (prolate shape). The
mean horizontal corneal diameter was 11.7 (SD 0.5), the mean anterior chamber
depth was 3.6 mm (SD 0.7 mm), and the mean keratometric astigmatism was 7.1

dioptres (SD 3.0 dioptres).

The mean ECD was significantly greater (p < 0.001) and the mean cell area
significant less (p < 0.001) in Group 1 compared to Group 2. The coefficient of
variation for cell area was significantly less in Group 1 compared to the Group 2
(p < 0.001). The mean percentage of hexagonal cells was significantly greater in
Group 1 compared to Group 2 (p < 0.001). The mean corneal thickness was
significantly less in Group 1 compared to Group 2 (p = 0.04). The mean anterior
corneal curvature (p = 0.01) and posterior corneal curvature (p = 0.02) was

significantly greater in Group 1 compared to Group 2. There was no significant
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difference in horizontal corneal diameter (p = 0.46), anterior chamber depth (p =

0.5), or mean keratometric astigmatism (p = 0.2) between the groups.

10.5 Discussion

There have been few previous reports in the literature that describe the use of
clinical corneal in vivo confocal microscopy to evaluate the endothelium of
transplanted human corneas. In this study in vivo confocal microscopy was used
to analyze the corneal endothelium following PKP. There were two study groups;
one group included subjects who had recently undergone PKP and the second
group included age-matched subjects that had undergone PKP several years
previously. In vivo confocal microscopy was successfully completed in both

groups, enabling detailed analysis of the corneal endothelium to be performed.

The confocal microscopy analysis demonstrated that in the longer term, following
PKP (with an NZNEB minimal count of 2500 cell/mm?), there was a significantly
lower mean endothelial cell density and a corresponding significantly higher
mean endothelial cell area compared to the short term following PKP. In addition,
there was a significant increase in cellular polymegathism (reflected in a greater
coefficient of variation for cell area) and cellular pleomorphism (reflected in the
decreased proportion of hexagonal cells) in the long term. These results are in
concordance with other published reports that have used specular microscopy to
evaluate the corneal endothelium following PKP.%* ®7" The findings of this study

and other published reports are consistent with a significantly higher rate of
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endothelial cell loss and more rapid development of abnormal morphological

features in transplanted corneas compared to normal corneas.? 7"

There are several factors that may influence ECD and endothelial cell loss
following PKP. In the short term, the two most important factors are the quality of
donor tissue preservation and the amount of trauma during surgery.’® The
adequacy of corneal storage can be assessed by comparing the ECD in the
donor cornea after PKP to that before preservation.” Studies have identified that
donor corneas lose 10% or more of their central endothelial cell population by 2
months after PKP.”>"” This includes endothelial cells lost during the storage
period, the transplantation, and the subsequent 2 months. This rate of cell loss
was similar for both organ culture storage and preservation with Optisol GS at

40C 73-77

Surgical trauma was previously thought to have a significant effect on ECD
following PKP.”® 7® Mechanical rubbing of the endothelium by the iris was
considered the most likely reason.®® Due to the introduction of viscoelastics,
which prevent contact between the iris and the endothelium, surgical trauma is
thought to be of lesser importance now.®® Other potential factors include the
occurrence of early cell-mediated rejection episodes and other post-operative

complications.®®

Previous reports have identified that in addition to the initial loss of endothelial

cells from preservation and keratoplasty, the endothelial cell density continues to
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decline for years following PKP at a higher than normal rate.®® % 0 In normal
eyes that have not undergone intraocular surgery, the rate of endothelial cell loss
is 0.6% per year.®® 8 Following cataract surgery it is 2.5% and following PKP it is
reported to be greater than 4%.7% " 8 n this current study the average rate of
endothelial cell loss was calculated to be 4.3% per year. Assuming a critical ECD
of 400-500 cells/mm? is required for corneal transplant function, it is estimated
that the minimum donor ECD should therefore be 2000 celissrmm? for a corneal

transplant to survive 20 years.®

The reason for the increased long term cell loss following PKP remains unknown.
Although episodes of endothelial rejection are known to increase endothelial cell
loss, the increased rate of cell loss is present in corneal transplants that are not
known to have had an endothelial rejection episode.”® Armitage et al®® have
postulated that there may be a common mechanism for long-term cell loss after
cataract surgery and PKP. They postulate that disruption of the blood-ocular
barrier and the subsequent inflammatory response causes in a pro-apoptotic
environment in the anterior chamber that may potentiate endothelial cell loss. Li

|83

et al™ also reported that there may be disruption of the control mechanisms that

1#4 proposed an

render endothelial cells less susceptible to apoptosis. Kaji et a
alternative mechanism, where accumulation of advanced glycation end products
in Descemet's membrane affects the attachment of endothelial cells and may

contribute to the loss of endothelial cells with age and following intraocular

surgery.
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Corneal thickness following PKP can be evaluated using a number of methods
including ultrasound pachymetry, optical slit-larnp pachymetry and specular
microscopy.®>® Although the majority of published reports use ultrasound
pachymetry, in this study the Orbscan Il corneal topography system was used to
measure corneal thickness following PKP. Yaylali et al®® reported that the relative
accuracy and precision of the Orbscan system is similar to ultrasonic
pachymetry, although they identified that the measurement with the Orbscan
system was 23-28 um greater than that observed by ultrasound pachymetry.
Possible explanations for the observed difference included the Orbscan system
being non-contact method, and that it may also measure the hydrated mucous

gel covering the corneal surface.?® %

This study identified that the mean central corneal thickness was significantly
greater in the long term following PKP compared to the short term. This is
consistent with the results of several longitudinal studies that have reported a
gradual increase in corneal thickness with time following PKP (once the initial
corneal oedema has resolved).®® ¢” 7% 7" 9! The increase in corneal thickness is
thought to reflect the corresponding decrease in overall corneal barrier and

endothelial function with time after PKp, 3 39 40.66,67,70.71,91

The Orbscan Il system was able to measure several other corneal parameters
including anterior and posterior corneal curvature, keratometric astigmatism,

horizontal corneal diameter and anterior chamber depth. Both the anterior and
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posterior corneal curvature was significantly greater in the short term following
PKP compared to the long term. This may reflect the effect of sutures on corneal
curvature in the early post-operative period. There was no significant difference
with respect to the other corneal parameters between the short and long term

groups.

10.6 Conclusion

This study demonstrated that in vivo confocal microscopy can be used
successfully to study the corneal endothelium both in the short and long term
following PKP with a donor minimum cell count of 2500cells/mm?. This study
demonstrates an early reduction to a mean of less than 2500 cells per mm? at
three months post transplantation followed by an accelerated loss of endothelial
cells in transplanted corneas, which appears to persist at a rate of approximately
4.3% per year for several years following PKP. There is also a corresponding
increase in cell size, variation in cell size, and variation in cell shape with time

following PKP.

This study also demonstrated that the Orbscan Il topography system can be
used to reliably measure corneal thickness and corneal shape following PKP and
correlate this with ECD and other endothelial cell parameters. In concordance
with other published reports, an increase in corneal thickness was identified in
the long term following PKP, and reflects an overall decrease in corneal barrier

and endothelial pump function.
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111 Introduction

The series of studies comprising this thesis was developed to answer a number
of key inter-related questions with regard to eye banking and corneal

transplantation in New Zealand.
1. To evaluate the source and management of corneal tissue procured by

the New Zealand National Eye Bank.

2. To evaluate currents trends and ethnicity differences in indications for

penetrating keratoplasty (PKP) in New Zealand.

3. To evaluate survival and visual outcome following penetrating keratoplasty

in New Zealand.

4. To evaluate the indications and outcome of paediatric corneal

transplantation in New Zealand.

5. To evaluate endothelial cell density in the normal eye and the effects of

corneal parameters on its measurement.

6. To evaluate endothelial morphology and function in the short and long

term following penetrating keratoplasty.
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For the purposes of discussion each of the above areas will be reviewed in turn.

11.2  The source and management of corneal tissue procured by the New

Zealand National Eye Bank

The purpose of this study was to evaluate donor demographics and source,
donor tissue processing and storage, biological contamination, and the utilization
and distribution of corneal tissue procured by the New Zealand National Eye
Bank. A comparison with international methods of donor tissue processing and

storage was performed.

Conclusions:

a) The New Zealand National Eye Bank (NZNEB) is the major source of donor
tissue for corneal transplantation in New Zealand supplying at least 90% of
all tissue.

b) The age distribution of donors in New Zealand is comparable to that
reported internationally. The majority of donors were elderly and the mean
age of donors is increasing each year.

c) Advanced donor age was not related to corneal suitability for
transplantation. Donor age alone is not indicative of poor tissue quality and
appropriately screened tissue from elderly donors may therefore be of use,
particularly for recipients of similar age, although the NZNEB does not have

a specific policy of age matching tissue.
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d)

f)

There is a male preponderance of donors to the NZNEB and this is related
to the higher prevalence of male deaths within the age range donors are
accepted by the NZNEB. In particular, this reflects a high mortality rate from
trauma and cardiovascular disease for young New Zealand males.

The major donor procurement source to the NZNEB was the Coroner’s
service followed by public hospitals and multi-organ donors. The supply from
the Coroner’s service is decreasing but that from public hospitals and multi-
organ donors is increasing.

The causes of donor death in New Zealand are comparable to other eye
banks. Cardiovascular disease followed by trauma and cerebrovascular
disease were the most common causes of donor death. Donors that died of
cardiovascular disease or cerebrovascular disease were more likely to have
corneas suitable for transplantation, which may be due to the higher
proportion of donors in these groups who died suddenly with less co-
morbidity.

The change from hypothermic to organ culture storage as standard NZNEB
policy has significantly increased donor tissue storage duration. The
advantages of increased storage duration to the NZNEB have included the
following: improved corneal tissue utilization; the performance of corneal
transplantation as a planned elective surgical procedure; greater reserve of
tissue for emergency procedures; and additional time for improved
microbiological and serological screening, and tissue compatibility matching

if required.
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h)

j)

Microbiological screening and donor tissue decontamination is a priority of
the NZNEB. Biological contamination has steadily and significantly
decreased over the last decade. Reasons for this improvement include: the
change to organ culture; improved facilities and equipment; and more
experienced and technically skilled staff.

The most common bacterial contaminant was coagulase-negative
staphylococci followed by Staphylococcus aureus, and the most common
fungal contaminant was Candida sp. This was in concordance with reports
from other eye banks.

The corneal utilization rate of the NZNEB is higher that that reported by
other eye banks and is increasing each year. This is due to the thorough
pre-screening of potential donors (for age and medical contraindications)
prior to the procurement of their tissue. This is made possible by the close
relationship between the NZNEB and its donor sources. The most common
reasons for discarding tissue were microbiological contamination, abnormal

serology, and failed endothelial assessment.

This study provided important information in relation to eye banking in New

Zealand. In particular, significant trends were identified with respect to donor

demographics, donor procurement source, improved donor tissue processing

and storage, decreased biological contamination, and increased utilization of

corneal tissue.
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1.3

Current trends and ethnicity differences in indications for

penetrating keratoplasty in New Zealand

In this study the NZNEB database was analyzed with respect to clinical

indications for PKP in New Zealand. The results from an earlier NZNEB study

were used for comparison to allow current trends in indications to be identified.

Ethnicity differences in indications for PKP were also analysed.

Conclusions:

a)

Keratoconus remains the most common indication for PKP in New Zealand,
accounting for a significantly greater proportion of PKPs than other
published reports. Keratoconus was the most common indication in all
ethnicity groups.

PKP for keratoconus was particularly high in the Maori and Polynesian
communities of New Zealand. Maori and Polynesian patients were also
significantly younger at the time of PKP for keratoconus. This suggests that
there may be a higher prevalence, disease severity, and/ or more rapid
progression of keratoconus in New Zealand, particularly amongst the Maori
and Polynesian populations. A high familial rate and a higher prevalence of
asthma, atopic disease and eye rubbing are likely to be important
contributing factors.

Pseudophakic or aphakic bullous keratopathy is the second most common
indication for PKP in New Zealand. A decreasing trend was identified that

was in concordance with other published reports. Improvements in cataract
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surgery technique, intraocular lens technology, use of viscoelastics, and a
reduction in anterior chamber intraocular lens use have all been cited as
reasons for the decreasing trend.

Regraft remains the third most common indication for PKP in New Zealand.
In concordance with other published reports there was an increasing trend
identified. It is likely that the gradually expanding pool of PKP recipients has
led to a corresponding increase in the number of regraft procedures being
performed in New Zealand.

Fuchs’ endothelial dystrophy is the fourth most common indication for PKP,
with an increasing trend identified. PKP for Fuchs' dystrophy was
significantly more common in females. Almost all PKP’s for Fuchs’ dystrophy
were performed in Caucasian Europeans with no cases reported in Maori or
Polynesian populations.

Viral keratitis is the fifth most common indication for PKP with a decreasing
trend identified. The most likely reason for this is the significant advances in
the medical management of herpetic eye disease. However, Maori were
over-represented in the ethnicity distribution of PKP for viral keratitis. This
possibly reflects poorer medical management in this group rather than a

greater prevalence of disease.

This study revealed significant trends in relation to indications for penetrating

keratoplasty in New Zealand. These trends are likely to continue and will result in

significant changes in indications for PKP in the future. This study identified

important differences in indications based on ethnicity background, highlighted by
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the particularly high incidence of PKP for keratoconus in the Maori and

Polynesian populations.

11.4  The survival and visual outcome of penetrating keratoplasty in New

Zealand

The purpose of this study was to evaluate potential donor, recipient, surgical and
post-operative factors that may influence survival and visual outcome of

penetrating keratoplasty in New Zealand.

Conclusions:

a) The overall one-year survival rate identified was comparable to that of other
published reports. Irreversi.ble rejection followed by primary endothelial
failure and vascularisation were identified as the most common reasons for
failure of the corneal transplant. Overall visual outcome was also similar to
that of other published reports, with 60% of recipients achieving a one-year
post-operative BCSVA of 6/18 or better.

b) Donor factors (donor age, donor source, donor cause of death, death to
preservation interval, endothelial cell density, donor lens status, and storage
duration) were not significantly associated with decreased corneal transplant
survival or visual outcome in this study. This confirms what has previously

been reported with respect to donor-related risk factors.
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c)

Pre-operative diagnaosis was significantly associated with survival outcome.
Keratoconus and Fuchs’ endothelial dystrophy have the best survival
outcome, while trauma and regraft have the poorest survival outcome. For
regraft, survival rate further decreased according to the number of previous
grafts.

Pre-operative diagnosis was significantly associated with visual outcome.
Keratoconus and Fuchs’ endothelial dystrophy were associated with the
most successful visual outcome. In contrast, non-infective keratitis, bullous
keratopathy and trauma were identified as independent risk factors for poor
visual outcome.

Pre-existing vascularisation of the recipient cornea was identified as a
significant independent risk factor for decreased corneal transplant survival.
Furthermore, the decrease in survival rate was proportional to the number of
quadrants of pre-existing vascularisation.

The presence of active anterior segment inflammation at the time of PKP
was identified as one of the most significant independent risk factors for
decreased corneal transplant survival. This is in concordance with other
published reports. This study also confirmed that a history of pre-operative
glaucoma is a significant independent risk factor for decreased corneal
transplant survival.

After accounting for the differences in pre-operative diagnosis between age
groups, this study identified no significant decrease in survival rate with

advancing recipient age. Again this is in concordance with other studies that
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h)

report no association or only a marginal association between advancing
recipient age and survival rate. There appears to be no association between
recipient gender and survival rate.

Recipient factors that were identified as independently associated with poor
visual outcome were pre-existing vascularisation, active anterior segment
inflammation at the time of PKP, a history of pre-operative glaucoma, and
advancing recipient age.

Both very small and large graft sizes were identified as independent risk
factors for decreased corneal transplant survival. The literature reports
contradictory findings with respect to graft size and corneal transplant
survival.

The performance of additional surgical procedures at the time of PKP was
analysed. Anterior vitrectomy at the time of PKP significantly decreased
survival rate at the univariate level but the effect was no longer apparent in
multivariate analysis. The majority of published reports identify anterior
vitrectomy to have a significant effect on survival rate. In concordance with
other published reports, the performance of additional lens surgery was not
significantly associated with decreased corneal transplant survival in this
study.

This study confirmed the association previously recognized between post-
operative episodes of reversible rejection and decreased corneal transplant

survival. Only one episode of reversible rejection was required to
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significantly decrease survival rate. The survival rate further decreased with

increasing episodes of reversible rejection.

The large and comprehensive New Zealand National Eye Bank database has
enabled detailed statistical analysis of a large series of PKPs to be performed,
with several independent risk factors identified that significantly influenced
survival and visual outcome. This information will be invaluable to patients and

surgeons with respect to determining prognosis and clinical decision making.

11.5  Paediatric corneal transplantation in New Zealand

The purpose of this study was to evaluate patient characteristics, indications,

surgical details, and outcome of paediatric keratoplasty in New Zealand.

Conclusions:

a) Paediatric keratoplasty accounts for 3% of all corneal transplants performed
in New Zealand. There were significantly more males undergoing paediatric
keratoplasty compared to females.

b) Indications for paediatric keratoplasty were divided in to congenital (16%),
acquired non-traumatic (74%), and acquired traumatic conditions (10%).
The most common congenital indications were Peters’ anomaly and
congenital hereditary endothelial dystrophy. The most common acquired
non-traumatic indication was keratoconus followed by viral keratitis. The

most common acquired traumatic indication was penetrating trauma.
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c)

d)

The indications for paediatric keratoplasty in New Zealand differed
significantly from that reported in the literature, in which congenital
indications account for a significantly greater proportion. Of particular note
was that keratoconus accounted for 67% of paediatric keratoplasties in New
Zealand compared to 0-11% in other published reports.

Penetrating keratoplasty accounted for almost all corneal transplants in the
paediatric age group (95%) with lamellar keratoplasty accounting for the
remainder.

The survival rate for paediatric keratoplasty was 82% at one year post-
operatively. The survival rate for acquired conditions was significantly
greater than that for congenital conditions. This was in concordance with
other published reports. Factors associated with decreased survival rate in
the literature included performance of an additional surgical procedure at the
time of keratoplasty, pre-operative glaucoma, associated ocular conditions
and corneal vascularisation.

The visual outcome for paediatric keratoplasty is significantly better when
performed for acquired compared to congenital indications. A higher
prevalence of amblyopia and associated ocular abnormalities in the
congenital group has been cited as the reason for the less successful visual

outcome in this group.

Analysis of the NZNEB database provided valuable information in relation to

paediatric keratoplasty in New Zealand. In particular, this study highlighted an

unusually high prevalence of keratoconus as an indication for keratoplasty. In
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addition, a high one-year survival rate and good visual outcome was identified,

especially in cases of keratoplasty for acquired conditions.

11.6  The evaluation of endothelial cell density in the normal eye and

the effects of corneal parameters on its measurement

The possible impact of corneal parameters on ECD in the normal eye has largely
been ignored. The effects of corneal parameters on ECD in children and in the
elderly eye have previously been reported, but no studies have analysed the
effects in normal young adults. The effect of corneal thickness, corneal diameter

and corneal curvature on ECD in normal young adults was therefore studied.

Conclusions:

a) The mean value for ECD was in concordance with that previously reported
for young adults. When compared with mean ECD values reported for
children and for elderly eyes, a clear trend of decreasing mean ECD with
advancing age is observed. Consistent with the majority of other published
reports, there was no significant difference in mean ECD between males
and females.

b) Central corneal thickness (CCT) was identified to have an association with
ECD in young adults, with lower ECD values apparent in thinner corneas.
This has been previously reported in growing children and in studies

involving the elderly eye.
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c)

Horizontal corneal diameter (HCD) did not have a significant effect on the
measured ECD in young adults. This is in concordance with studies
involving the elderly eye. HCD has previously been reported to be an
important determinant of ECD measurement in children, with larger
diameters resulting in lower ECD values.

The effect of corneal curvature on the measurement of ECD is yet to be
clearly established. This study identified no significant correlation, although
a previous study involving elderly eyes reported a significant correlation,
with lower ECD values expected in steeper corneas. No previous reports
involving children were identified.

Percentage hexagonality is another indicator of the health of the corneal
endothelium and was assessed in this study. There was no significant
relationship identified between percentage hexagonality and the corneal

parameters assessed.

The results of this study, and those of other published reports, indicate that

corneal thickness may have a significant association with ECD throughout life. [t

also appears that horizontal corneal diameter may have an important effect on

ECD in children but not in adults. The influence of corneal curvature remains

largely unknown and further investigation is required.
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8.7

The evaluation of endothelial morphology and function in the short

and long term following penetrating keratoplasty

There have been few previous reports that describe the use of clinical corneal

confocal microscopy to evaluate the endothelium of transplanted human corneas.

In this study confocal microscopy was used to analyze the corneal endothelium

in the short and long term following penetrating keratoplasty (PKP). The Orbscan

Il corneal topography system was used to assess corneal thickness in the short

and long term following PKP.

Conclusions:

a)

The study demonstrated that clinical confocal microscopy and Orbscan slit
scanning topography can be successfully performed and used as research
tools in both the short and long term following PKP.

The in vivo confocal microscopy analyses demonstrated that in the longer
term following PKP the mean ECD was significantly lower and the mean
endothelial cell size significantly greater compared to the short term
following PKP. There was also a significant increase in cell size and shape
variation in the long term following PKP. These findings suggest increased
instability of the corneal endothelium with time following PKP.

A significantly higher rate of endothelial cell loss and more rapid
development of abnormal endothelial cells appear to occur in transplanted

corneas compared to normal corneas.
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d) The mean central corneal thickness was significantly greater in the long
term following PKP compared to the short term. This is consistent with the
results of several longitudinal studies that have reported a gradual increase
in corneal thickness with time following PKP (once the initial corneal
oedema has resolved). The increase in corneal thickness is thought to
reflect the corresponding decrease in overall corneal barrier and endothelial

function with time after PKP.

This study demonstrated that confocal microscopy and slit scanning topography
can be successfully used to analyze endothelial morphology and function in the
short and long term following PKP. The results of this study, in concordance with
other published reports, identified an accelerated loss of endothelial cells and

more rapid development of abnormal endothelial cells in transplanted corneas.
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