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Welcome address

Gabriel van Rij

It is my pleasure to welcome you to the 2009 annual Course of the European Pro-
fessors of Ophthalmology (EUPO) on Cornea, Conjunctiva and Refractive Surgery.
We are delighted that so many distinguished speakers, who are leaders in their
field, accepted our invitation.

These invited lecturers come from Europe and from around the world.

The course follows a tradition established in 1988.

In 1988 the very first EUPO Course for residents was organized by Professor Deut-
man in Nijmegen.

After this course it was decided to organize a course once a year in different
places in Europe.

Later is was decided that in the year of a congress of the European Society of
Ophthalmology (SOE), the course would be part of the congress.

Most of the ophthalmology curriculum should be covered within a 4 year period in
order to permit the residents to have an overview of theoretical knowledge during
their residency period.

No EUPO Course would be complete without a great EUPO Party for participants
and speakers, which traditionally reflects the flavor of the host city.

| welcome you to Amsterdam and thank you for making the EUPO Course 2009 a
memorable event.

Gabiriel van Rij, MD, PhD

President of EUPO

available on
WWwWw.eupo.eu

2006 2007 2008
Retina Uveitis Neuro-Ophthalmology
and Strabismus

EUPO Course 2009 | Page 5




The sequence of the EUPO courses

2009
2008
2007
2006
2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988

Amsterdam (SOE) Cornea, Conjunctiva and Refractive surgery
Geneva Neuro-ophthalmology and strabismus
Vienna (SOE) Glaucoma and uveitis

Ghent Retina

Berlin (SOE) Cornea

Nijmegen Neuro-ophthalmology and strabismus
Madrid (SOE) Glaucoma and uveitis

Erlangen Retina

Istanbul (SOE) Cornea

Leuven Neuro-ophthalmology and strabismus
Stockholm (SOE) Glaucoma and uveitis

Amsterdam (ICO) Chorioretina

Budapest (SOE) Cornea, conjunctiva, lids, orbit
Athens Neuro-ophthalmology and strabismus
Milano (SOE) Uveitis, lens, glaucoma

Montpellier Retina

Santiago de Compostella The external eye

Brussels (SOE) Neuro-ophthalmology and strabismus
Torino Uveitis, lens, glaucoma

Bonn Chorioretina

Leuven The external eye and orbit

Nijmegen
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FRIDAY, June 12, 2009 18:15 - 24:00

EUPO Party

Venue: Strand Zuid Beach,
located on the harbour
side of the RAI,
congress venue.

All participants attending the party
will receive a ticket upon registration
that they need to bring to the party
in order to attend.

18:15  Welcome drink
BBQ Buffet
20:30 DJ starts to play

22:15  Free Beverage assortment
ends - bar open

23:30 Background music is played

24.00 Evening Ends
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PROGRAMME
FRIDAY, June 12, 2009

09:25 Introduction
G. van Rijj - President & EUPO 2009 Course organizer

First morning session: morphology, anomalies and dystrophies

Moderators: Berthold Seitz - Gabriel van Rij Course Page
09:30 Corneal morphology

Luc Missotten, Belgium 1 13
10:00 Corneal disorders in children and congenital

anomalies of the cornea

Joaquim Murta, Portugal 2 17
10:30 Landmarks and DD of differential diagnosis

of corneal dystrophies

Walter Lisch, Germany 3 21
11:00 Break
Second morning session: examination and inflammation
Moderators: Friedrich Kruse - Thanh Hoang-Xuan Course Page
11:30 Corneal examination techniques: pachymetry, 4 27

OCT, topography and wavefront

Jack Holladay, USA
12:00 Non inflammatory corneal pathology, Salzmann, Terrien

Murat Irkeg, Turkey 5 33
12:30 Amniotic membrane and stem cell transplantation

and its role in surface reconstruction

Friedrich Kruse, Germany 6 41
13:00 Lunch
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FRIDAY, June 12, 2009

First afternoon session: keratoplasty and keratoprosthesis

Moderators: Berthold Seitz - Friedrich Kruse Course Page
14:30 Corneal transplantation: penetrating

and lamellar keratoplasty

Berthold Seitz, Germany 7 45
15:00 Corneal transplantation: immunology

and angiogenesis

Claus Cursiefen, Germany 8 63
15:30 Keratoprosthesis

Chris Liu, UK 9 95
16:00 Break
Second afternoon session: allergy, eye-lids, keratoconus
Moderators: John Dart - Thanh Hoang-Xuan Course Page
16:30 Ocular allergy, AKC, Vernal and GPC

John Dart, UK 10 113
17:00 Meibomian gland dysfunction, ocular rosacea

Thanh Hoang-Xuan, France 11 121
17:30 Keratoconus and pellucid marginal degeneration:

diagnosis and treatment including crosslinking

Francois Malecaze, France 12 123

18:15 EUPO Party
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SATURDAY, June 13, 2009

Morning session: bacterial, viral and fungal keratitis

Moderators: Philippe Kesteleyn - Thanh Hoang-Xuan Course Page
08:15 Bacterial keratitis

Joseph Frucht - Pery, Israel 13 125
08:45 Herpes simplex infections and herpes zoster

of the cornea

Lies Remeyer, The Netherlands 14 127
09:15 Fungal and chlamydial infections

Philippe Kesteleyn, Belgium 15 139
09:45 Break
10:15 Opening ceremony of the SOE Congress
11:45 Break
13:15 Keynote Lecture of European Congress of Ophthalmology

Marie José Tassignon
14:00 Break
First afternoon session: inflammation, tumors, dry eye
Moderators: Reza Dana - Thanh Hoang-Xuan Course Page
14:30 Role of inflammation in ocular surface disease

Reza Dana, USA 16 151
15:00 Tumors of conjunctiva and cornea

Stefan Seregard, Sweden 17 153
15:30 Dry eye and clinical disease of tear film,

diagnosis and management

Christoffe Baudouin, France 18 157
16:00 Break and exhibition visit
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SATURDAY, June 13, 2009

Second afternoon session: Refractive surgery

Moderators: Dimitri Azar - Joseph Frucht-Pery Course Page

16:30 Present role of surface ablation & PTK

Timo Tervo, Finland 19 159
17:00 LASIK & Microkeratome

Thomas Kohnen, Germany 20 167
17:30 Quality of vision after refractive surgery

Dimitri Azar, USA 21 171
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Morphology of the cornea

| Luc Missotten, Belgium |

Corneal epithelium

The basal cells of the epithelium originate in the stem cells near the limbus and mi-
grate slowly over the basal lamina towards the centre of the corneal. They do not
all migrate at the same speed. Fastest are those migrating downwards, second
are those coming from the inferior limbus. Those coming from left and right are
slowest. This may be due to a difference in temperature. The lines seen in cornea
verticillata are high-water marks were the oldest cells end and shed the debris
they accumulated during their journey.

While migrating the basal cells multiply, and the resulting daughter cells are pushed
outwards and become wing cells. These flatten progressively and loose much of
their organites to become pancake-like superficial cells. These cells maintain on
their surface the ridges and microvilli, which may have a function in stabilising the
mucus in the tear film.

All corneal cells are firmly linked together by numerous interdigitations and tight
junctions. They form a impermeable layer protecting the stroma from inhibition by
water from the tear film. The basal cells adhere to the basal lamina covering the
stroma, by means of hemidesmosomes. These are more sensitive to alcohol than
desmosomes, this enables the Lasek surgeon to loose the epithelium from its
base while the epithelial cells still cling together.

The superficial layers of the epithelium are under tension, pulling the surface flat
and smoothing small irregularities of the stroma.

Numerous naked nerve endings penetrate from the stroma in the epithelium and
meander between the basal and wing cells. There must be a constant rearrange-
ment between the sessile nerves and the migrating epithelial cells.

Corneal stroma
Its main components are collagen fibrils and a proteoglycan matrix. Collagen mol-

ecules, each about 1/3 the of a micron long, spontaneously aggregate in fibrils. In
the cornea these collagen fibrils all have the same thickness: about 30 nanometers
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or 1/30 the of a micron. This due to the influence of decorin and lumican, two
proteoglycans of the corneal matrix. The apparent thickness as seen in electron-
micrographs and other methods differs depending the fixation and observation
methods used. Collagen fibrils are arranged in ribbons (called lamellae) of a few
thousand fibrils, all parallel and stretching from limbus to limbus.

The fibrils are kept equidistant by the proteoglycan matrix. In electron micro graphs
this matrix is usually not visible. Specific staining reveals rather unordered strands
between the collagen fibrils. However one has to keep in mind that during fixation and
embedding the cornea looses its perfect transparency. It is likely that the proteoglycan
matrix in a normal cornea is better structured than it appears in histological section.

The difference in refracting index between collagen fibrils and the interfibrillar ma-
trix (1,411 and 1,365) poses a problem. One would expect that Interference of
the two components should result in translucent tissue such as the sclera, not a
transparent cornea. Maurice proposed in 1957 that the transparency results from
the uniform and small calibre of the fibrils and of their regular quasi crystalline
spacing. Recent research suggests that the short-range spatial order seen in EM
is sufficient to reduce the light scattering to normal transparency.

The superficial collagen fibrils are less orderly arranged but woven like a felt: Bow-
man’s layer.

Between the collagen ribbons stromal cells can be found. They seem dormant, but
they react to stimuli. For example abrasion of the epithelium provokes their disap-
pearance in the superficial third of the stroma under the abraded area.

The endothelium is a monolayer of hexagonal cells 4 to 6 micron in height. At
birth these cells have a diameter of about 20 micron and number about 2500 per
mm?Z. In man they do not multiply. When a cell dies , the neighbouring cells be-
come larger and fill the gap. In this way endothelial cells during life become larger
and less numerous.

A cross-section shows that the lateral walls of the endothelial cells are extremely
tortuous, so that the length of the intercellular path may be 10 times longer than
the height of the cells. At the apical portion of the cells, facing the anterior cham-
ber numerous tight junctions form an incomplete seal around the cells. This results
in a leaky barrier separating the corneal stroma from the anterior chamber. An ac-
tive mechanism transports water out of the cornea to keep it partially dehydrated
and transparent, the leak provides metabolites to the cormeal stroma.
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Descemet’s membrane is a secretion of the basal side of the endothelium. At
birth it is about 3 micron thick and grows till about 10 micron in adulthood. In
contrast to Bowman'’s layer, Descemet’s membrane is not strongly attached to the
stroma, and may be peeled off by trauma or surgery.

The curvature of the surface of the cornea is aspherical, the centre of a normal
cornea has the steepest curvature, an important feature to reduce the spherical
aberration of the optics of the eye.

Luc Missotten
luc.missotten@uz.kuleuven.ac.be
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Corneal disorders in children and
congenital anomalies of the cornea

| Joaquim Murta, Portugal |

Corneal disease is still today the most common cause of blindness in the world. Dis-
eases affecting the cornea and anterior segment in children differ little from diseases in
adult with the exception of congenital and development abnormalities.

The initial 6 weeks, until the closure of the embryonic fissure, are the most critical pe-
riod for ocular development. Arrest of development during this period leads to severe
ocular anomalies and greatly impaired visual acuity (anophthalmia, congenital cystic
eye, congenital aphakia, typical colobomas, ...).

The congenital anomalies of the anterior segment are present at birth, usually
bilateral, but often asymmetrical. The etiology can be genetic, infectious, inflammatory,
traumatic, toxic or a combination of these factors, which most often affect the normal
ocular development between the sixth and sixteenth weeks of gestation, when differen-
tiation of the anterior segment occurs. Different structures in the anterior segment are
subject to common influences, so that development abnormalities of one component
are often accompanied by abnormalities of others. The development anomalies of the
anterior segment are often difficult to classify and new classifications were proposed.

However precise diagnosis is necessary in order to predict the natural history of the
disease, to look for associated ocular and systemic abnormalities, to give genetic
counselling and to initiate appropriate treatment. Abnormalities in corneal size and
shape: Microcornea, Megalocornea, Keratoglobus, Cornea Plana; Abnormalities in
corneal development leading to a visually opaque cornea: Sclerocornea, Peripheral
Anterior Chamber Cleavage Abnormalities (Axenfeld’s Anomaly, Axenfeld’s Syndrome,
Rieger’s Anomaly, Rieger’s Syndrome), Central Anterior Chamber Cleavage Abnormali-
ties (Central posterior Keratoconus, Peters Anomaly), Inborn Errors of Metabolism,
Corneal Dystrophies present at or shortly after birth (Congenital Hereditary Endothe-
lial Dystrophy, Posterior Polymorphous Dystrophy, Congenital Hereditary Stromal Dys-
trophy, Posterior Amorphous Corneal Dystrophy), Congenital Glaucoma and Epibul-
bar Tumors (Dermoid, Osseous Choristomas) will be briefly described.

Corneal manifestations of systemic diseases (diseases of abnormal carbohydrate
metabolism, diseases of abnormal protein metabolism, diseases of abnormal lipid
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metabolism, avitaminosis, interstitial keratis secondary to syphilis, tuberculosis and
virus, Wilson’s disease, Refsum’s syndrome) and different forms of atopic and vernal
keratoconjunctivitis, will be also showed.

Keratoconus, the most common ectatic corneal disease, appears in the early
adolescent years and can progress in the late teens into the twenties. It may seen
with other conditions as allergic disease, retinitis pigmentosa, Down, Alport or
Marfan syndromes.

Pediatric microbial keratitis is a rare but potentially devastating disease. The con-
dition is similar to adult but is often characterized by a more severe inflammatory
response; herpes simplex and bacteria (pseudomonas aeruginosa, staphylococcus
aureus and a-hemolytic streptococci) are more common and fungi being less frequent.

Ocular trauma, second only to cataracts as the most common cause of visual impair-
ment and the most frequent cause of unilateral blindness among children, and child
abuse will be discussed.

The management of infants corneal opacities (team approach, preoperative examina-
tion and indications for keratoplasty) will be also discussed. Penetrating keratoplasty
is indicated in children who have significant unilateral or bilateral corneal opacities that
prevent visual development. Otherwise they would develop dense amblyopia. In cases
of congenital corneal opacities, surgery should be performed within the first 3 months
of life to reduce the degree of amblyopia. Poor prognostic factors include bilateral
disease, concomitant infantile glaucoma, lensectomy and vitrectomy at the time of the
surgery, previous graft failure, extensive goniosynechiae and corneal vascularisation.

References:

1. Stretton S, Gopinathan U and Willcox MD. Corneal ulceration in pediatric
patients. A brief overview of progress in topical treatment. Pediatr Drugs 2002,
4(2):95-110.

2. Nischal KK. Congenital corneal opacities — a surgical approach to nomenclature
and classification. Eye 2007, 21:1326-1337.

3. Peter RL, Rapuano CdJ. Diseases of the cornea. In: Nelson LB (ed): Harley’s
Pediatric Ophthalmology, 4" Ed. WB Saunders Co, 1998; 215-257.

4. Velasquez A, Kim T. Development corneal anomalies of size and shape. In:
Krachmer JH, Mannis MJ, Holland EJ, eds. Cornea. 2nd ed. Vol 1. Philadelphia:
Elsevier Mosby; 2005:727-737.
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5. Clinical aspects of congenital anomalies of the cornea and sclera. In. External n
Disease and Cornea. Ed American Academy Ophthalmology 2007-2008: 285-302

6. Bonini S, Sacchetti M, Mantelli F and Lambiase A. Clinical grading of vernal kera-
tocon juntivitis) review). Curr Opin Allergy Clin Immunol 2007, 7:436-441

7. Brophy M, Sinclair S, Hostetler SG and Xiang H. Pediatric eye injury-related hos-
pitalizations in the United States. Pediatrics 2006, 117:€1263-e1271

8. Block RW, Palusci VJ. Child abuse pediatrics: a new pediatric subspeciality.
J Pedliatr 2006, 148:711-712.

9. Reidy J. Penetrating keratoplasty in infancy and early childhood. Cur Opinion
Ophthalmol 2001, 12:258-261

10. Colby K. Changing times for pediatric keratoplasty. J AAPOS 2008, 12(3):223-224.

11. Chan AS, Colby K. Update on pediatric keratoplasty. Int Ophthalmolol Clin 2008,
48 (2):25-33.

Joaquim Neto Murta, MD, PhD
University Hospital Coimbra, Coimbra, Portugal
jmurta@netcabo.pt
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Landmarks and DD of differential diagnosis
of corneal dystrophies (CD)

| Walter Lisch, Germany |

The ophthalmologist is the first to examine and to diagnose a new patient with a
probable CD at the slit-lamp. The presented table of landmarks is supposed to be
a “bridge” for the ophthalmologist to precisely define the corneal opacities of a
presumed CD. After this definition it’s possible to diagnose a solitary CD patient
and to perform DD against systemic metabolic disorders with corneal involvement
in more than 90% of cases. First we have some questions and statements:

Why a CD patient consults an ophthalmological office?
Vision
Pain, red eye, epiphora due to CD induced epithelial defects

Routine check

Refractive problems (myopia)

o r 0 bd =

Familiar examination

List of CD with the possibility of CD induced epithelial defects
masquerading as bacterial or viral keratitis

1. Epithelial basement CD
2. Subepithelial mucinous CD
3. Meesmann CD

4. Reis-Bucklers CD

5. Thiel-Behnke CD

6. Lattice CD

7. Granular CD, type I and Il
8. Macular CD

9. Schnyder CD

10. Gelatinous drop-like CD
1

- O

Fuchs CD
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Special questions to the patient and additional examinations to
include or exclude CD

1. Familiar hint of CD?
- Visual impairment in the family?
- Ocular pain in the family?
- Eye or corneal disorders in the family?

2. Recurrent uni or bilateral pain attacks of the eye, often combined with
“Red eye” + epiphora representing a strong hint for CD!
3. Slow, continuous visual impairment uni or bilateral?

4. Changing vision which is worse in the morning and becomes better
during the day; hint for Fuchs CD

5. Macroscopic examination of the facial skin
- red color
- dry, thin skin
- teleangiectasies (nose)
- hints for atopy and rosacea?
6. Examination of the eye lid margins
- thickening?
- rarefication of the lid margin
- chronical blepharitis
- turn back the upper lid
- hints for rosacea or atopy?
7. Examination for “dysfunctional tear syndrome”
- hint for disturbance of the lipid layer of the tear film (chronical blepharitis?)
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Landmarks of CD (direct and indirect illumination)

A. epithelial

1. Maps

Dots

Epithelial basement

Fingerprints

membrane CD

Blebs

DD: Hypertrophic nerves

2. a/ Diffuse grey opacities (directly)

Meesmann CD

b/ Multiple solitary clear
microcysts (retro)

3. a/ Diffuse grey opacities (directly)

b/ Multiple crowded clear
microcysts (retro)

Lisch CD

DD: Morbus Fabry

B. subepithelial/
stromal

4. Geographical opacity

Reis-Blicklers CD

5. Honeycomb opacity

Thiel-Behnke CD

6. a/ Diffuse central opacity

Lattice CD

b/ paracentral lattice lines

DD: Homozygote type
Meretoja Syndrome

7. Central disk consisting of
multiple granules

Granular CD type 1

DD: Homozygote type

8. Central disk consisting of Granular CD type 2
some stars and rings (“Avellino”)

DD: Homozygote type

9. Some flecks (until Descemet) Macular CD

diffuse stromal opacity
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10. Central disk or ring consisting of | Schnyder CD
crowded comma-shaped crystals
(often arcus lipoides)

DD: Bietti
Cystinosis
Paraproteinemia

11. Central disk or ring without Schnyder CD
crystals (often arcus lipoides)

DD: LCAT deficiency
Fish eye disease
Benign Gammopathy

Mucopolysaccharidoses
Fuchs CD
12. Central posterior crocodile Central cloudy CD
chagrin (Francois)
13. Subepithelial band keratopathy | a/ Gelatinous
drop-like CD
(without endothelial
alterations)

b/ Endothelial CD
(combination of
subepithelial band
keratopathy +
endothelial changes)
- XECD (in)

- CHED (rare)
- PPCD (rare)

DD: non hereditary forms of
subepithelial band keratopathy
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C. Endothelial/ | 14. Cornea guttata + stromal edema | Fuchs CD
stromal + epithelial bullae
DD: Moon crater-like endothelial
changes
15. Moon-crater-like changes XECD
DD: Cornea guttata CHED
PPCD
16. Diffuse milky-glass corneal CHED
opacification XECD (rare)
DD: Congenital glaucoma PPCD (rare)
Mucopolysaccharidoses

References

1. JS Weiss, HU Moller, W Lisch, et al. The IC3D classification of the corneal
dystrophies. Cornea 2008; 27 (Suppl 2): 1 — 42.

2. W. Lisch, B. Seitz. New International classification of corneal dystrophies and
clinical landmarks. Klin Monatsbl Augenheilk 2008, 225: 616-622

Walter Lisch
lisch.hanau@t-online.de
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Corneal examination techniques:
pachymetry, OCT, topography and wavefront

| Jack Holladay, United States | n

>& Corneal Imaging: 7 Consultant

Topography Tomography
OCT e AMO, Inc.

o NIDEK, Inc.

Jack T. Holladay MD, MSEE, FACS e Oculus, Inc.
Clinical Professor of Ophthalmology e Zeiss Meditec, Inc.
Baylor College of Medicine
oo i 1 Houston, Texas om0 i 4
OPD-Scan™ Refractive Power/Corneal Analyzer Retinoscopy / Skiascopy- Principle

NIDEK Optical Path Difference Scanning System

Autorefractometer =

Keratometer \

: qa—]
Topographer O\ ]

L =
Pupillometer | ®

+ ) | ! ] _l
Aberrometer L Mynpia-zb Emm':::m 50 cm

Scanning Slit Retinoscopy / Skiascopy- Principle OPD-Scan Schematics

(Example—2 D lens)

Hyperopia Emmetropia Myopia
Scanning direction

O Infrared LED X

=+ |Jg

Siitight bundle Projection  Chopper wheel with
Lens slitopenings

same direction no movement opposite direction

Anterior segment imaging: topography, tomography & OCT
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Internal Aberration

'The Integration of Topography und Aberrometry in
one unit makes it possible to calculate and display
Internal Aberrations'

“Internal” =“Ocular” - “Corneal”
(or “Total”)
(20%) (100%) (80%)
Aberrometer Topography

Calculation

OPD Station Software Upgrade —
Holladay Report

(H o8

Tomography

Oculus
Pentacam
Measuring Corneal Power
Post Corneal Refractive Surgery

271612000 JTH

Anterior segment imaging: topography,

tomography & OCT
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Anterior segment imaging: topography, tomography & OCT
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211612009 JTH 23

N4
7~ Accuracy of EKR

211612009 JTH 24

Summary
e Optimal Zone

e LASIK: 4.5 mm

e RK: 5.0 mm

e Customize for small/large pupils
e Accuracy

e LASIK: +0.42D

e RK: £0.94D
e Error on MYOPIC side

211672009 JTH 25

|

Corneal Ectasia

o By definition is a “thinning” with anterior movement

o K-conus: posterior surface 1¢t detectable move,
because epithelium thins and “masks” anterior
movement of Bowman’s Membrane

o Posterior surface float is more sensitive IF
ACCURATE ... NOT ARTIFACT!

e Most prior reports are artifact due to Posterior

Surface is VIRTUAL IMAGE seen through

Anterior Surface and is distorted by Refractive

Surgery ... oblate, blend zone, etc.

27161200 JTH 26

Anterior segment imaging: topography, tomography & OCT
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%/Cé— Conclusion
o\Pentacam Scheimpflug very

sensitive detection of thinning

disorders (Cone,Pellucid), if use ...

eTangential (local radius) Map to
determine “nipple” on front

eToric Ellipsoid Float (not BFS) with
Elevation Maps to determine location
of protrusions in back and front
surface

e RELATIVE Pachymetry Map to
determine Thinnest Relative Point

211612009 JTH 20

>& Visante OCT in
Refractive Surgery

Corneal laser refractive surgery
Corneal refractive implants
Phakic IOLs

Jack T. Holladay MD, MSEE, FACS

Clinical Professor of Ophthalmology

Baylor College of Medicine
«Heuston, Texas

Pach Map Sensitivity — OS inferior thinning ‘

Abnormal Corneal Thinning Inferiorly!

Ectasia Risk Example (200+ micron flap instead of 160
mi

Jack T. Holladay, M.D.

Anterior segment imaging: topography, tomography & OCT
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Visante OCT Applications
Post Op — LASIK Epithelial Ingrowth

V-Trac™ Alignment System

.

e
Anterior
Flevatio
—
T—

Pachymetr
y -"'."J

Placido Disk + OCT Il Posterior Elevation
Elevation Pachymetry and Curvature
* Posterior

Eievation |

Case 6: Normal Cornea

Case 7: Suspect Keratoconus

L

Anterior segment imaging: topography, tomography & OCT

Jack T. Holladay, MD, MSEE, FACS
Clinical Professor of Ophthalmology
Baylor College of Medicine
Houston, Texas
holladay@docholladay.com
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Non inflammatory corneal pathology

| Murat Irkeg, Turkey |

NON-INFLAMMATORY
CORNEAL PATHOLOGY

Prof.Dr.Murat Irkec, MD

Director, Corneal Service and Research Unit
Department of Ophthalmology

Uni ity Faculty of
Ankara - Turkey

Degeneration : deterioration and decrease in function

F)

——
Degenerations may be :

4
* Unilateral or bilateral

* Often asymmetric
* An inheritance pattern usually not found

° Many occur later in life (normal aging)

* Secondary to systemic or pathological process
* Often eccentric or peripheral

* Relation to vascularity

Classification of corneal degenerations

A. Primary
* Iron lines
* White limbal girdle of Vogt
* Cornea farinata
* Ant. and post. crocodile shagreen
* Corneal arcus (arcus senilis)
* Hassal-Henle bodies

Classification of corneal degenerations

« Pinguecula

+ Pterygium

« Spheroid degeneration

« Salzmann s nodular degeneration
« Terrien s marginal degeneration
« Corneal amyloid

« Lipid degeneration

« Coat s white ring

 Band keratopathy

+ Neurotrophic keratopathy

« Exposure keratopathy

+ Recurrent erosion syndrome

B.Secondary

WHITE LIMBAL GIRDLE OF VOGT

» White, cresentic, peripheral corneal opacities
in the interpalpebral area
« Two clinical forms
Type 1: rare, early band keratopathy,
clear zone from limbus
Type 2: common, 100% after 80 years of age,
more common at the nasal limbus,
no peripheral clear zone from limbus
« Histology: subepithelial hyaline and elastotic changes

Bowman s membrane and superficial stroma
replaced by basophilic granular deposits

VOGT’s LIMBAL GIRDLE TYPE 1

-~

« Early calcific band keratopathy

« Narrow lucent area from the limbus

+ White band contains holes (Swiss cheese)

« Destruction and calcification of Bowman s layer
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VOGT’s LIMBAL GIRDLE TYPE 2

+ Asymptomatic and incidental

« Lesion is subepithelial

« Elastotic degeneration and calcium
at the level of Bowman'’s layer

CORNEAL ARCUS

« Gerontoxon in the aged (Arcus senilis)
« Ant. embryotoxon in the young (A. juvenilis)

Jr - Lipid deposition in the peripheral cornea
« Cholesterol, cholesterol esters,
i phospholipids,neutral glycerides
- Lipid is extracellular
- Lipids are of vascular origin
J * Men affected more than women
« Increased risk of CAD (<40 years)
\ « Hyperlipoproteinemia type 2 and3

IRON LINES

« Iron deposition in the epithelium

« Several types due to different causes
« Hudson-Stahli lines (Fleischer, Ferry & Stocker)

« Prevalence and intensity increase with age

« Source of iron unknown —
« May be physiological (young people) -
* No sex predilection |
» Asymptomatic and require no treatment

~

4

SPHEROID DEGENERATION

- Climatic droplet keratopathy
* More than one form
= Primary age-related
= Secondary form
* Traumatic corneal scars
« Herpetic keratitis
« Chronic corneal edema
« Lattice dystrophy
« Chronic open-angle glaucoma
= Conjunctival degeneration
« Pinguecula

SPHEROID DEGENERATION

« Prevalence related to geography
« Males affected more than females
« Usually bilateral, may be unilateral
« Clinically yellow-gold subepithelial droplets
% - Advance from periphery to the center
- . Foreign body sensation,irritation,
VA decrease possible
« EC proteinaceous material at Bowman’s
membrane level and anterior stroma
« Treatment:
PTK, lamellar KP, lamellar keratectomy

BAND KERATOPATHY

R—

- Common secondary degeneration
« Calcium phosphate deposition in the anterior cornea
« Caused by local or systemic factors

« Calcium deposition :
= Intracellular in systemic Ca metabolism abnormalities
= Extracellular in local ocular disease
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BAND KERATOPATHY

Classification

Chronic ocular diseases

« Uveitis (juvenile chronic arthritis)
« Glaucoma

« Corneal edema

« Interstitial keratitis

« Phthisis

Ocular trauma

« Climatic exposure
+ Mercurial containing preservatives

BAND KERATOPATHY

Classification

Systemic abnormalities
+ Hypercalcemia

* Hyperphosphatemia
Heredity

* Norrie’s disease
* Autosomal recessive band keratopathy

BAND KERATOPATHY

« Confined to the interpalpebral fissure
« Peripheral clear zone at the limbus
P‘ « Begins nasally and temporally
« Swiss cheese appearance (corneal nerves)
« Histology:
= Epithelial BM- basophilic staining

= Bowman s layer /ant. stromal lamellae
- Ca** deposition and fragmentation

= Subepithelial fibrous pannus

= Scarring

. VRN

BAND KERATOPATHY
—

« Ulceration of the corneal epithelium gdiscomfort
+ Reduced vision (visual axial involvement)
« Treatment:
Epithelial removal zchelation with Na,EDTA
EZmechanical debridement with a blade or burr

LIPID DEGENERATION

« Accumulation of cholesterol and fatty acid deposits
« Primary form - rare, usually bilateral
no stromal vascularization
+ Secondary form - more common, leakage from
stromal vessels

LIPID DEGENERATION

~ + Deposits around an area of vessels:
E = Crystalline or diffuse
= Yellow or cream
= Discrete or fan-like
- Sudden appearance from NV + VA |
« Causes of corneal NV in lipid degeneration:
= Corneal trauma
= Infectious keratitis (HSV or HZV)
= Interstitial keratitis
« Spontaneous regression (occasionally)
- Treatment:
= Argon laser to the feeding vessel
= Penetrating keratoplasty
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SALZMANN’S NODULAR DEGENERATION

« First reported in 1925
« Rare, noninflammatory, slowly progressive

« Degeneration characterized by bluish white
nodules elevated above corneal surface
(forming circular array)

« Irregular astigmatism

« Hyperopic refractive shift

« Foreign- body sensation

« Corneal scarring and decreased VA

* Glare

SALZMANN’S NODULAR DEGENERATION

Etiology
Late sequelae of previous corneal inflammation
« Phylectenular keratitis (common)
« Trachoma (common)
« Vernal disease (common)
« Exposure keratopathy
« Interstitial keratitis
« Chronic keratitis
« Idiopathic (rare)
« Following contact lens wear
« Postcorneal surgery
- Epithelial basement membrane dystrophy

SALZMANN’S NODULAR DEGENERATION

« Afibrillar, hyaline degeneration of collagen—
cellular debris.

« The number of fibrocytes in the affected areas
can vary (numerous cells that are active to scarce
degenerating cells)

SALZMANN’S NODULAR DEGENERATION

« Clear area between the nodules
*Thinning of the overlying epithelium
- Basal epithelial cell degeneration

+ Replacement of Bowman s layer
by (eosinophilic) material

SALZMANN’S NODULAR DEGENERATION
Treatment Modalities
» Manual removal
« PTK with or without MMC
« Lamellar/penetrating keratoplasty
= All Salzmann cases are individual in
their appearance and experience is

needed to reach optimal surgical
technique

Bowers Jr PJ et al. J Cataract Refract Surg 2003
Marcon AS, Rapuano CJ Comea 2002

Salzmann nodule

Schematic drawing of the surgical procedure
« Tissue removal with a surgical knife

+ Laser ablation to smooth the surface
+ Masking fluid employed several times

From: Sujata D etal. J Cataract Refract Surg 2005
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SALZMANN’S NODULAR DEGENERATION

g

AV

Before Treatment After Treatment

PTK appears to be an effective and
safe procedure for treatment of
Salzmann’s nodular degeneration

From: Sujata D etal. J Cataract Refract Surg 2005

SALZMANN’S NODULAR DEGENERATION
Please keep in mind

« Certain lesions cannot be removed by a blade only

« Lamellar or penetrating keratoplasty require donor
material and are more invasive

« PK rarely recommended due to good endothelium

« Lamellar grafting is useful when PTK is not successful
« Interface haze is a problem in lamellar keratoplasty

« Mitomycine-C may prevent recurrence, but is toxic

TERRIEN’S MARGINAL DEGENERATION

« Slowly progressive thinning of peripheral cornea

* Most common in men (3:1)

- Patient age: 10-70 years

* Most cases are bilateral (+ asymmetry)

- Early stages generally asymtomatic

+ Sometimes mild irritation in early stages

« Induced against- the -rule astigmatism (late stages)
« Spontaneous or traumatic corneal rupture (rare)

TERRIEN’S MARGINAL DEGENERATION

D ition of refractile yellowish-white opacities
(superiorly peripheral anterior stroma)

Development of gutter Superior or more extensive
(parallel to the limbus) corneal thinning

TERRIEN’S MARGINAL DEGENERATION

- Gutter is steep centrally, shallow peripherally

« Gutter is 1-2 mm in width

* The epithelium remains intact

« Superficial vessels fill the gutter to the central edge
« Deposition of lipid at the central edge

« Pseudopterygium development (2

TERRIEN’S MARGINAL DEGENERATION

* Most cases are non-inflammatory
« Rare cases with corneal and conjunctival

vascular congestion (with moderate to severe pain)
« Mixed lymphocytic and neutrophil reaction (stroma)
« Relatively young patients
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TERRIEN’S MARGINAL DEGENERATION

Pathology

|
A. Limbal side B.Central

« Stromal thinning

* Thickened epithelium

« Loss of Bowman s layer

+ <25% of the resident cells express MHC Class Il antigens
« CD,/CDg cell ratio21:1

+ <5% of the infiltrating cells CD,,(+) (B cells)

TERRIEN’S MARGINAL DEGENERATION

Differential Diagnosis

« Arcus senilis (early)

* Mooren’s ulcer

« Furrow degeneration

* Marginal pellucid degeneration

« Inflammatory peripheral keratitis

« Peripheral corneal melting (autoimmune)

MOOREN S ULCER

« Chronic, painful corneal ulceration
« Two different clinical types:
= Benign- usually unilateral, older patients
= Progressive type- 25% of all cases,young patients
« Starts in the peripheral cornea gcircumferential spread
sclera <= centrally

MOOREN S ULCER

« Inappropriate immunologic responses
« Cornea infiltrated by lymphocytes and plasma cells

* 75% to 100% of the resident cells express
MHC class Il antigens

« CD,/CDg cell ratio & 2.4:1
+ 25% to 50% of the infiltrating cells CD., (+) B cells

TERRIEN’S MARGINAL DEGENERATION

Treatment
« Observation
« Astigmatic control with spectacles or contact lenses
- Surgical treatment:
= Excision of ectatic tissue and direct closure
= Eccentric penetrating keratoplasty
= Crescentic onlay lamellar keratoplasty

oL

Cheng CL et al. Ophthalmology 2005

RIGHT EYE | [BCVA: 6/10 (-5.00 @ 35°) |
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RIGHT EYE ‘ ‘ BCVA: 6/10 (-5.00 @ 35°) ‘ SEMILUNAR ONLAY LAMELLAR
KERATOPLASTY

oD
BCVA: 6/10 (+1.50 -6.00 @ 60°)

Prof. Dr. Murat Irkec, MD

Director, Corneal Service and Research Unit
Department of Ophthalmology

Hacettepe University Faculty of Medicine
Ankara, Turkey

mirkec@isnet.net.tr
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Amniotic membrane and stem cell
transplantation and its role in surface
reconstruction

| Friedrich Kruse, Germany |

A. Amniotic membrane

The use of amniotic membrane in modern ophthalmology was first described by
Tseng and co-workers, who also published the preparation technique (). Most
commonly cryo-preserved amniotic membrane is used and surgeons who want
to use amniotic membrane have to observe national and EU laws regulating the
preparation technique. Freezing amniotic membrane in glycerol kills cells within
the membrane but preserves bioactive components ©@). Primarily the membrane
acts to provide a new basement membrane while being incorporated in the ocular
surface @), promotes epithelial cell migration and calms down inflammation.

There are three major types how amniotic membrane is used:
1. Amniotic membrane transplantation
2. Amniotic membrane patch
3. Amniotic membrane bandage (lens)

Amniotic membrane transplantation was first described as using a single layer
for non-healing defects of the cornea “. Most commonly the epithelial side is
facing upwards and the membrane is attached to the stroma with interrupted
10-0 nylon sutures @. Since most corneal ulcers tend to be deeper more than
one layer are used in the multilayer approach ®. There are numerous indications
for amniotic membrane transplantation and the results vary greatly depending on
the underlying pathology ©. It should be noted that transplantation should not be
performed in eyes with severe inflammatory disease which can not be conrolled
by conservative treatment.

Amniotic membrane patch is performed by suturing the membrane onto the sur-
face of the eye thereby covering the respective pathology. By this approach, am-
niotic membrane serves as growth promoting and anti inflammatory agent for a
limited time (about a week) after which the membrane detaches from the surface.
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Amniotic membrane patch is a very valuable tool for treating severe surface in-
flammation and injury such as in the case of chemical/thermal burns and Stevens
Johnson syndrome ©),

Amniotic membrane bandage is a special mode of application which is suitable for
patients with recurrent defects where transplantation is not wanted @. Indications
are persistent defects following corneal transplantation, epithelial defects in the
presence of stem cell disease as well as poor compliance.

B. Stem cell transplantation

The ocular surface epithelia are constantly renewed via a proliferate cascade origi-
nating in undifferentiated stem cells. Corneal epithelial stem cells are localized at
the limbus ©). Loss of stem cells by e.g. injury or inflammation leads to the disease
entity of limbal stem cell disease characterized by the presence of goblet cells on
the ocular surface ©.

Therapy of limbal stem cell disease belongs to the most challenging problems in
ophthalmology. There are two options: transplantation of limbal tissue and trans-
plantation of cultured cells (ex vivo expansion).

1) Limbal transplantation

Surgical reconstruction of limbal stem cell disease started 20 years ago with per-
forming limbal autografts in patients with unilateral pathology (9. This approach is
very successful and allows reconstruction in about 90% of patients when the tim-
ing of surgery (low inflammation), surgical approach (enough tissue) and underlying
pathology are chosen in the right combination. Since this approach is only good
for unilateral cases numerous techniques have been used to transplant cadaveric
or living related tissue onto patients with bilateral involvement (1. Although some
authors have reported favourable outcomes under continuous systemic immuno-
suppression (for review see 12,13) most conventional allografts fail over time

2) Ex vivo expansion

In order to circumvent possible harmful effects of limbal transplantation from donor
eyes and to utilize small samples of non ocular tissue ocular surface reconstruc-
tion, ex vivo expansion was described (4. Here small samples of cells are harvest-
ed and expanded in the laboratory prior to grafting the resultant cell sheet onto the
ocular surface. The two major substrates currently used are amniotic membrane
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(15 and fibrin (9. For unilateral disease, especially results of fibrin based expansion
with clonal selection are most encouraging (1. Bilateral limbal stem cell disease
requires the use of non ocular cells such as e.g. oral mucosa. Initial results with
expansion of mucosal cells on various substrates are promising (). For further
development of current cell based strategies specific knowledge concerning the
delicate parameters controlling the limbal microenvironment is needed in order to
modify progenitor cells and to ensure longevity of corneal epithelial stem cells on
the surface of the eye (19,
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Corneal transplantation: penetrating and
lamellar keratoplasty

| Berthold Seitz, Germany |

Berthold Seitz MD, Achim Langenbucher PhD and Gottfried O.H. Naumann M

1. Ten precautions during corneal graft surgery

1.

10.

Donor topography should be attempted for exclusion of previous refractive
surgery, keratoconus/high astigmatism, and “harmonization” of donor and re-
cipient topography [16: 56, 59],

Donor and recipient trephination should be performed from the epithe-
lial side with the same system, which - from our point of view - is the pre-
disposition for congruent cut surfaces and angles in donor and recipient.
For this purpose an artificial anterior chamber is used for donor trephination
although the whole globe would yield even better results 71,

Orientation structures in donor and host facilitate the correct placement of the
first four cardinal sutures to avoid horizontal torsion [,

A measurable improvement seems to be possible, using the Krumeich Guided
Trephine System (GTS) 1, the second generation Hanna trephine ' and our
technique of nonmechanical trephination with the excimer laser 158 661,
Horizontal positioning of head and limbal plane are indispensable for state-of-the-
art PKP surgery in order to avoid decentration, vertical tilt and horizontal torsion 59,
Graft size should be adjusted individually (“as large as possible, as small as
necessary*) [60.62],

Limbal centration should be preferred over pupil centration (especially in
keratoconus) B,

Excessive graft over- or undersize should be avoided to prevent stretching or
compression of peripheral donor tissue [19-47.82],

As long as Bowman'’s layer is intact a double running cross-stitch suture
(according to HOFFMANN ['7)) is preferred since it result in higher topo-
graphic regularity, earlier visual rehabilitation and less suture loosening
requiring only rarely suture replacement.

Intraoperative keratoscopy should be applied after removal of lid specula and
fixation sutures. Instable donor epithelium should better be removed to allow
for reproducible results. Adjustment of double running sutures or replacement
of single sutures may be indicated [,
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2. Trephination techniques

Principal indications for keratoplasty include optical, curative and tectonic. Over-
laps between different categories may occur. But corneal transplants may also be
classified according to the type of donor material, the vertical shape of graft, the
horizontal shape of graft and the location of the graft within the host [0,

A few general technical details concerning PKP need to be addressed [0 42

1. General anesthesia has advantages over local anesthesia. The arterial blood
pressure should be kept low as the eye is opened (“controlled arterial hypo-

tension®).

2. To protect the crystalline lens in phakic keratoplasty, usually the pupil is con-
stricted.

3. Before recipient trephination, a stab-like paracentesis at the limbus is per-
formed.

4. The limbal plane must be horizontal during trephination.

5. An iridotomy prevents pupillary block and acute angle closure glaucoma
(so-called Urrets-Zavalia syndrome in case of dilated pupil with iris sphincter
necrosis 43),

6. The second cardinal suture is crucial for graft alignment.

2. 1. Principal considerations
2.1.1. Donor trephination

From a 16-mm corneoscleral button as provided by the eye bank the transplant
can be created in two principal ways:

1. In earlier days, the donor button has been punched from the endothelial side
against a firm surface (such as a paraffin or teflon block) using special tre-
phines (“Lochpfeifentrepan”) [© 80, Care must be taken to ensure a proper
alignment when cutting since a beveled cut will result if the blade is not per-
pendicular to the cutting block. This risk might be decreased by the use of
“guided donor trephine” systems (e.g. “guillotins”). On histological evaluation,
the cut surfaces without consideration of the cut angles seem to be almost
sperfect”. However, deviation of the cut direction outwards result in conver-
gent cut angles due to a smaller diameter at the level of Descemet’s mem-
brane and a larger diameter at the level of Bowman’s layer (“undercut”) 78],
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2. Since the development of “artificial anterior chambers® 2% microsurgeons
have the opportunity to accomplish donor trephination from the epithelial
side, which is the same direction as in the host. If pressure in the artificial
anterior chamber is kept normal (e.g. 22 mmHg) advantages concerning cut
angles are obvious 5%l. However, fixing the corneoscleral button in an artificial
anterior chamber may induce a considerable amount of astigmatism. This
problem can be overcome by using an artificial anterior chamber with a larger
central opening, leaving the limbus untouched during fixation for trephination
from the epithelial side. In this setting the corneoscleral limbus seems to have
a protective effect concerning the central corneal topography of the fixated
cornea P71,

2.1.2. Recipient trephination

For recipient trephination the horizontal position of the head and especially the
limbal plane is indispensable. To increase overview and reduce vis a tergo the
Lieberman speculum is preferred. Any viscoelastic agent may be used to stabilize
the anterior chamber during trephination. A Flieringa ring is not necessary for PKP
only and the triple procedure. It is helpful in cases of aphakic eyes, especially if a
secondary sclera-fixated IOL should be inserted. The ring can be sutured tempo-
rarily onto the globe using 6-0 Vicryl sutures through conjunctiva and episclera.

Investigations of VAN RIJ and WARING demonstrated that in recipient trephina-
tion all trephine systems result in an opening larger than the trephine size. In ad-
dition, the diameter is larger at the level of Descemet’s membrane resulting in
divergent cut angles "8, This can be explained by the “ballooning” of the cornea
to be excised into the trephine opening due to the pressure executed. The higher
the intraocular pressure is, the more divergent are the angles to be expected 1%,
This phenomenon of “ballooning” is one of the major drawbacks of a mechanical
trephine and can be prohibited - at least in part — by the use of an “obturator”.
However, KAUFMAN stresses that the use of an obturator in keratoconus may
result in other than round host openings such as pear-shaped holes 1,

The combination of a donor punched from the endothelial side with convergent
cut angles and a host opening with divergent cut angles will result in a triangular-
shaped tissue defect at the level of Descemet’s membrane that has to be compen-
sated for with increased suture tension and — consequently — vertical tilt.
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2.1.3. Graft size and “oversize”
Graft size

In a quantitative study we found that the corneal diameter of keratoconus patients
was larger than that of Fuchs’ patients (mean horizontal diameter of 11.8 mm in
keratoconus patients and 11.3 mm in Fuchs’ patients) (9. In general, a good opti-
cal performance requires a larger graft wheras a low rate of immunologic graft
reactions is favored by a smaller graft. Therefore, the graft should be “as large as
possible, but as small as necessary”. For many eyes with keratoconus a 8.0 mm
diameter and in many eyes with Fuchs’ dystrophy a 7.5 mm diameter proved to be
a good option as a preset for the communication with the eye bank. Today, graft
diameters of 5.5 mm to 7.0 mm are only rarely required and justified.

It has been supposed that smaller grafts might be associated with a higher postk-
eratoplasty astigmatism. In a recent study we found [62:

a flatter curvature with smaller grafts,

a higher topographic irregularity with smaller grafts,

a higher proportion of not measurable keratometry mires with smaller grafts,
a tendency towards regularization of topography after suture removal, and
no difference concerning the amount of net astigmatism between different
graft sizes neither with nor without sutures.

A S

The major reason for the flatter and more irregular graft with smaller diameters
seems to be the closer position of the proximal suture ends in relation to the
optical center of the graft. This will be pronounced in particular with wider suture
bites. After suture removal the potentially topography disturbing circular scar at
the graft-host-junction is located closer to the line of sight with smaller grafts. This
may explain that overall the regularity of graft topography increases with suture
removal but that principal differences between various graft sizes do persist.

Larger sizes may be considered for eccentric tectonic corneoscleral grafts (e.g.,
after the block excision of tumors of the anterior uvea or cystic epithelial down-
growth ¥4) and in buphthalmos "3l But we do not recommend graft sizes over
8.5 mm in buphthalmos for immunological reasons %21,

Recent studies indicate that the rate of chronic endothelial cell loss after PKP,
depends on the initial diagnosis ¥ 53, Endothelial migration from donor to re-
cipient in pseudophakic bullous keratopathy along a density gradient is thought
to be the reason for this phenomenon. Therefore, eyes with bullous keratopathy
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may require a larger graft not just to improve the optical performance but even
more to transplant as many endothelial cells as possible. Nevertheless, graft size
has to be judged by the surgeon individually in every single case before recipient
trephination to achieve the best compromise between immunological purposes
and optical quality [5% 89, A slit lamp with measuring device (scale), e.g. Haag-Streit
slit lamp, or calipers for intraoperative application may be helpful. Removal of vas-
cularized pannus (in contrast to vascularized stromal scars) may render a larger
“individual optimal graft size” possible for transplantation of more endothelial cells
and better graft topography.

Graft “oversize”

In mechanical trephination, the diameter of the recipient bed tends to be larger
and the diameter of the donor button, punched from the endothelial side, tends
to be smaller than the trephine diameter which may affect the resulting spher-
ical equivalent ["®l. Thus, “oversizing” the donor button by 0.25 to 0.50 mm is
commonly done to compensate for refractive effects and to reduce crowding of
the chamber angle and therefore postoperative “glaucoma” “71. An oversize of
0.25 mm compared to one of 0 mm or 0.5 mm may account for a difference in
keratometric readings of 1.5 diopters after suture removal. JAVADI et al. found
no difference in astigmatism comparing 0.25 mm and 0.50 mm graft oversize ['9.
However, PERL et al. stressed that oversizing the graft by 0.5 mm (punched from
the endothelial side) may result in significantly increased corneal astigmatism “71,
In keratoconus same size donors were found to reduce resulting myopia. We do
not recommend undersizing of a graft!

In contrast, with guided trephines and laser trephination (donor from the epithelial
side) attempted diameters are indeed achieved with congruent cut angels. Thus,
donor oversize is not necessary.

2.1.4. Pupil versus limbal centration

Centration is crucial with respect to immunologic graft reaction and post-PKP
astigmatism. Typically a compromise between limbal and pupil centration is at-
tempted in case of non-traumatized pupils. However, limbal centration is preferred
especially in keratoconus, scars after trauma or irregular astigmatism of other ori-
gin. In such eyes the center of the visible (“entrance”) pupil may be dislocated
from that of the real anatomical pupil B,
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An eight-line radial keratotomy marker may be used to ensure centration. An
additional central dot-like mark may be helpful for certain trephine systems
(e.g. Hessburg-Baron).

If the broadening of the superior limbus due a vacularized pannus is neglected intra-
operatively, an inferior decentration may be recognized the next day at the slit-lamp.

2.1.5. The vascularized cornea

Excessive bleeding after trephination of vascularized corneas with blood clots left in the
anterior chamber may result in increased risk of immunologic graft reaction and periph-
eral anterior synechiae due to contraction. Thus, the following precautions can be taken:

Before trephination the microsurgeon has to differentiate between vascularized pan-
nus tissue (“PLUS”) and vascularized scars (“MINUS”). Vascularized fibrous tissue
between epithelium and Bowman'’s layer or the superficial stroma in case of defec-
tive Bowman’s layer can be removed easily with a hockey knife. Typically, bleeding
stops after a few minutes without additional means. In contrast, distinct “feeder
vessels” of vascularized scars may be incised with a pointed scalpel at the limbus.
PILLAI et al have proposed sophisticated kauterization techniques for coagulation
of afferent and efferent vessels 9. In case of diffusely capillarized scars, ice cold
balanced salt solution (BSS) or topical alpha-mimetic vasoconstringent drops (such
as naphazolin-nitrate) may help to reduce bleeding during trephination.

2.1.6. Keratoconus and disabling high astigmatism of a graft

In keratoconus, a central round PKP is indicated as soon as hard contact lenses
are no longer tolerated. Excessively steep corneas before surgery do not have less
favorable outcome than less deformed corneas after PKP using the excimer laser
for nonmechanical trephination [83],

Keratoconus eyes have larger corneas than normal eyes and other dystrophies al-
lowing for larger graft diameters (typically 8.0 mm) 6%, A larger graft diameter in
keratoconus patients may help to preserve a sufficiently thick cornea at the trephi-
nation margin in the patient since the “cone” can be excised almost completely.
Kauterization of the cone has been suggested to avoid divergent cut angles but its
effect may not be reproducible. Thus, we do NOT advocate kauterization of the cone.
KAUFMAN has suggested not to use obturators in case of keratoconus to prevent
unintended creation of elliptical or pear-shaped openings 1.
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We do NOT advocate centering the trephination on the cone thereby typically de-
centering the trephination with respect to the limbus. In addition, pupil centration
may be misleading due to optical distortions of the visible pupil because of irregu-
lar refraction of incoming rays of light by the irregularly curved corneal surface in
keratoconus B, We do NOT advocate undersizing of he donor to reduce myopia,
since irregular astigmatism is to be expected.

Due to inhomogeneous corneal thickness an early perforation at the site of thinned
cornea is to be expected. This has to be taken into account with conventional
trephines to avoid inadvertent injury of the iris or even the lens.

Peripheral thinning of the host cornea, e.g. with keratotorus (= pellucid marginal
degeneration) or Fuchs-Terrien marginal degeneration are very rare but difficult to
treat. Treatment options include an eccentric semilunar lamellar/penetrating graft
or an over dimensioned preferrably elliptical eccentric through-and-through graft.

Eyes with high disabling astigmatism after PKP are often - but not always - as-
sociated with small and/or decentered grafts. The re-graft should be well centered
and big enough to entirely cut out the previous graft. However, in some cases the
previous graft-host junction can not be excised in toto leaving a “wedge” of the
first donor tissue in situ. After second suture removal, astigmatism may increase
again and may be no longer significantly different in comparison to the preopera-
tive values "9,

Own results suggest a potentially important role of the remaining second running
suture in keeping corneal astigmatism values low and topographic regularity high
after repeat PKP in patients with high and/or irregular postkeratoplasty astigma-
tism. After removal of the last suture the curvature may change in an unpredict-
able and often unfavorable manner. The presumed original instability of the host
rim, which on final suture removal may be transferred to the center of the graft
(“memory effect”), is probably responsible for the increase in astigmatism and the
increase in irregularity of the corneal surface. In addition, the host rim instability
may be exacerbated by incomplete excision of the previous graft-host junction in
severely decentered first grafts. However, the exact role of any such residual tis-
sue has yet to be clarified.

The long-term value of so-called “intracorneal rings” inside the graft-host junction with
respect to stabilization of the topography is such eyes has yet to be determined (1324,
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2.1.7. The instable cornea
“Instable“ corneas include

1. corneal perforations or descemtoceles typically arising from ulcerative necro-
tizing stromal keratitis of herpetic or bacterial origin and

2. eyes after unfavorable keratorefractive surgery such as after radial keratoto-
my and iatrogenic keratectasia after laser-in-situ-keratomileusis (LASIK).

In the “open eye” situation mechanical trephines may lead to compression and dis-
tortion of the cornea although a high-viscosity viscoelastic agent is used to stabilize
the anterior chamber. Especially with large perforations the trephine can only be used
to mark the excision, the keratotomy has to be deepened with a diamond knife and
the excision is completed with scissors. Nonmechanical laser trephination has been
advocated since it may allow non-contact round and elliptical trephinations 9., It has
been suggested to insert a trimmed part of a soft contact lens via large paracentesis
unrolling it inside the anterior chamber and thus achieve a stable eye for trephina-
tion after pressurizing the globe by insertion of viscoelastic agent via paracentesis
(“valve”). Larger than usual graft oversize (e.g. 0.5 mm) is recommended to avoid
peripheral synechiae in eccentric or even peripheral grafts.

In case of excisions involving the limbus, the scleral spur has to be preserved dur-
ing (partly lamellar) trephination. In case of peripheral small perforations an eccen-
tric mini-keratoplasty may have immunological advantages. Wide limbus-parallel
perforations - typical of rheumatoid origin - may best be treated with a crescent
graft. For this partly “free-hand” procedure, an outer segmental trephination with
a smaller diameter (e.g. 10 mm) is combined with an inner segmental trephination
with a larger diameter (e.g. 16 mm). Adequate preparation of the slightly oversized
graft is best achieved from an intact donor globe but is quite difficult using a cor-
neoscleral button from the eye bank (protection of endothelium!).

After excessive radial keratotomies resulting in irregular astigmatism and glare/halos due
to scars in the optical field, deep epithelial plugs are typically present inside the original
radial cuts over years. Instability leads to opening of these plugs during mechanical
trephination. Certain types of circular sutures have been proposed before trephination.
However, non-contact laser trephination seems to be the method of choice for such
eyes. In analogy, iatrogenic keratectasia after LASIK is prone to opening of the lamellar
interface between stromal bed and flap during conventional contact trephination. This
may result is oval host wounds and different sizes of the excised button at the flap and
bed levels %4, Again, non-contact laser trephination seems to be the method of choice
for such eyes the incidence of which is supposed to increase over the next decades.
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2.1.8. The triple procedure

Since the introduction of the TRIPLE procedure ( = simultaneous penetrating
keratoplasty (PKP), extracapsular cataract extraction and implantation of a pos-
terior chamber intraocular lens (PCIOL) in the mid-seventies, there is an ongoing
discussion among corneal microsurgeons concerning the best approach (simul-
taneous or sequential) for combined corneal disease and cataract 6%, For the re-
fractive results after TRIPLE some intraoperative details are crucial: Trephination
of recipient and donor from the epithelial side without major oversize (Guided Tre-
phine System or Nonmechanical Excimer Laser Trephination) should preserve the
preoperative corneal curvature. Graft and the PCIOL placed in the bag after large
continuous curvilinear capsulorhexis should be centered along the optical axis. If
possible, performing the capsulorhexis under controlled intraocular pressure con-
ditions prior to trephination may help to minimize the risk of capsular ruptures. In
case of excessive corneal clouding a capsulorhexis forceps is used via ‘open sky’.
Delivery of the nucleus is achieved via ‘open sky’ by means of manual irrigation,
removal of the lens cortex by automated irrigation-aspiration.

The major advantage of the TRIPLE is the faster visual rehabilitation and less ef-
forts for the mostly elderly patients. In contrast, sequential cataract surgery has
the potential of a simultaneous reduction of corneal astigmatism (appropriate lo-
cation of the incision, simultaneous refractive keratotomies or implantation of a
toric PCIOL). Disadvantages may include the loss of graft endothelial cells and
the theoretically increased risk of immunologic allograft reactions. After TRIPLE,
major deviations from target refraction have been reported. However, individual
multiple regression analysis may help to minimize this problem with appropriate
methods of trephination 7. Since suture removal after PK may result in major
individual changes of the corneal curvature, IOL power calculation for the sequen-
tial approach requires all sutures to be removed at the time of cataract surgery.
However, even after complete suture removal the abnormal proportions between
anterior and posterior curvatures and/or the irregular topographies after PKP may
be responsible for marked IOL power miscalculations in the individual eye 169,

2.1.9. Impact of trephination on suturing

The trephination modality may have a major impact on the correct placement of
the first four or eight cardinal sutures. The predominant purpose of the cardinal su-
tures is (1) symmetrical horizontal distribution of donor tissue in the recipient bed,
(2) good adaptation of graft and host on Bowman'’s level (external steps are to be
avoided, internal steps may be tolerated in case of thin recipient corneas such as
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in pellucid marginal degeneration or herpetic scars), (3) stabilization of the anterior
chamber for homogenous further suturing.

Unintentionally other than round host opening may create a challenge even for the
experienced PKP surgeon concerning the correct placement of the second cardi-
nal suture. After removal of the cardinal sutures the quality of the trephination and
graft positioning are major determinants for water-tight wound closure. The bet-
ter the trephination the smaller is the final suture tension required for water-tight
wound closure after removal of the cardinal sutures. The smaller the final suture
tension, the better is the visual acuity as long as the sutures are in place. Generally,
in cases where Bowman’s layer is intact, a 16-bite double running diagonal cross-
stitch suture (10-0 Nylon) according to HOFFMANN is preferred. The more rapid
visual rehabilitation with these sutures in place in contrast to single sutures is due
to a more regular corneal topography avoiding cornea plana.

2. 2. Conventional mechanical trephines

In 1886 it was Arthur von Hippel who used the first mechanical clock-watch driven
trephine for transplantation of a lamellar corneal graft from a rabbit to a human 9,
The same trephine was used by Eduard Zirm for his first successful PKP in a pa-
tients in 1905 84,

Conventional mechanical trephination is associated with deformation of corneal
tissue including a distortion of the cut margin with rough cut edges as a conse-
quence of axial and radial forces induced by the trephine. The cut angle deviates
from the perpendicular and it may be different in donor and recipient, especially
if the donor trephination is undertaken from the endothelial side. The fitting of the
donor tissue into the malleable recipient cornea is extremely difficult to achieve
in a perfectly symmetrical fashion. After suturing the incongruent cut edges in
order to achieve water-tight wound closure, wound healing may cause marked
distortion of the surface topography after suture removal due to this “vertical tilt”.
In addition, asymmetric cardinal suture placement may result in unequal donor tis-
sue distribution in the host wound, particularly if the second cardinal suture is not
placed exactly opposite to the first (“horizontal torsion”) 42,

A gquestionaire was sent to all German keratoplasty surgeons asking for their pre-
ferred technique of trephination in the year 2002. For recipient trephination most
surgeons use the GTS (34.3%), the hand-held trephine (17.8%) or the Hessburg-
Barron trephine (16.3%). Motor trephines are used more rarely and the laser
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trephination has still not entered many operating theaters because it is bulky and
expensive. As much as 12% of all procedures were performed with different tre-
phine systems for donor and recipient! ¥l

2. 3. Nonmechanical laser trephination

Hypothesizing that the properties of the wound bed are much more important for
the final “all-suture-out” astigmatism and the final optical performance of the graft
than various types of suture techniques or methods of suture adjustment we have
developed and optimized the technique of nonmechanical corneal trephination
since 1986. Since 1989 more than human 1750 eyes have been treated success-
fully with the Meditec MEL60® excimer laser. Keratoconus has been by far the lead-
ing indication (around 37%) for PKP with this non-contact technique. For donor
trephination from the epithelial side an artificial anterior chamber is used [#1- 42 58, 66],

The main advantage of this novel laser cutting technique performed from the epi-
thelial side in donor and recipient is the avoidance of mechanical distortion dur-
ing trephination, resulting in smooth cut edges which are congruent in donor and
patient potentially reducing “vertical tilt” B3, Such cut edges in combination with
“orientation teeth” at the graft margin ! and corresponding notches at the recipi-
ent margin for symmetric positioning of the eight cardinal sutures minimizes “hori-
zontal torsion”, thus potentially improving the optical performance after transplan-
tation 2. Furthermore, recipient and donor decentration may be reduced [3% 61,
The use of metal masks allows for arbitrary shapes of the trephination [?8l,

These favorable impacts on major intraoperative determinants of postkeratoplasty
astigmatism result in lower keratometric astigmatism, higher topographic regu-
larity and better visual acuity after suture removal. After sequential removal of a
double running suture keratometric astigmatism increased in 80% of eyes with
conventional trephination, but further decreased in 52% of eyes with laser trephi-
nation %8, Besides less blood-aqueous barrier breakdown during the early post-
operative time course after PK 28 |aser trephination does induce neither cataract
formation nor higher endothelial cell loss of the graft. Likewise, the rates of immu-
nologic graft rejection and secondary ocular hypertension are comparable using
either technique. In addition, trephination of an instable cornea, such as in (pre-)
perforated corneal ulcers or after RK or LASIK is facilitated [64.
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Abstract

The normal cornea, the transparent “windscreen” of the eye, is devoid of both
blood and lymphatic vessels. Nevertheless, both hem- and lymphangiogenesis
can occur in response to severe corneal inflammation and can lead to blindness.
Judah Folkman and co-workers exceedingly used the normally avascular cornea
as the in vivo model system to study the mechanisms of angiogenesis and to
test activators and inhibitors of angiogenesis in the last 3 decades. Recently, the
cornea also became a successful model to study especially inflammatory lym-
phangiogenesis. As the last step in the circle from bedside to bench and back,
we now are seeing the first (usually off-label) use of specific novel angiogenesis
inhibitors in the diseased and pathologically vascularized human cornea to treat
sight-threatening corneal angiogenesis and to promote graft survival after corneal
transplantation by inhibiting lymphangiogenesis.

Introduction

THE CORNEA, THE TRANSPARENT “WINDSCREEN” OF THE EYE, is one of the
few avascular tissues of the human body (Fig.1).! The cornea actively sustains its
avascularity to maintain transparency and good visual acuity. This so-called “an-
giogenic privilege” of the cornea is therefore evolutionary highly conserved and
supported by multiple redundant molecular mechanisms.'*
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Nonetheless, the human cornea can be invaded by blood and—as we could
recently demonstrate—also by clinically invisible lymphatic vessels (hem- and
lymphangiogenesis; Fig. 2).> This leads to reduced corneal transparency and
blindness and also affects the survival of subsequent corneal transplants.
Therefore, clinical ophthalmology has dealt with the phenomenon and problem of
sight-threatening corneal neovascularization for over 100 years. Already in the 1940’s,
Michaelson hypothesized, based on observations made on pathologically neovascular
ized corneas, that a “diffusible factor X” is responsible for corneal neovascularization.®

But it was not until Judah Folkman and co-workers went from “bedside to bench”
to analyze the mechanisms of angiogenesis, that our understanding of angiogen-
esis has dramatically increased.”~'® To do that, he and others heavily used the
cornea as an in vivo model system to study angiogenesis, for which the cornea
due to its avascular nature is perfectly suited.

In addition to angiogenesis research, the long-neglected area of lymphangiogen-
esis research got new momentum and also started to use the cornea as a model
(Fig. 3)'" after the identification of the first lymphatic endothelial “specific” marker
and mediator (the VEGF receptor 3) by Kari Alitalo’s group in the late 1990’s.1"-13
Folkman mentioned that at that time he also got fellows interested in the long
disregarded and “unpopular” lymphangiogenesis projects. That resulted, amongst
other findings, in the identification of bFGF as a potent lymphangiogenic growth
factor.' We and others have also relied highly on the cornea as a new model sys-
tem to study the processes of lymphangiogensis and its importance in transplant
immunology, using the murine model of corneal transplantation.31%16

We are now at the point to continue the circle from “bedside to bench” back to the
bedside, that is, to use the novel insights into angiogenesis and lymphangiogenesis
gained in the cornea as a “model system” in the human cornea as a “clinical set-
ting”. The long-term quest for specific antiangiogenic drugs has powerfully moved
into clinical medicine in recent years, not only in oncology, but also, for example, in
ophthalmology. Drugs such as Bevacizumab (Avastin®), Ranibizumab (Lucentis®),
and Pegaptanib (Macugen®) are now mainstay for treatment of age-related macu-
lopathy, the most common form of adult blindness in industrialized countries.

There are no licensed antiangiogenic drugs available for use against human cor-
neal neovascularization yet, so to finally close the circle from the cornea as an in
vivo model to the cornea as a place of angiogenic diseases, we can at least use
novel antiangiogenic drugs off-label in patients with sightthreatening corneal ang-
iogenesis. We can now also try to promote corneal graft survival by novel antihem-
and especially antilymphangiogenic drugs.'’-1°
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The aim of this review therefore is to (a) highlight the important contributions to
angiogenesis research made by Judah Folkman and co-workers, using the cor-
nea as an in vivo model system, (b) to outline the progress in lymphangiogenesis
research that has been made, again using the cornea as an in vivo model, and (c)
finally closing the loop to discuss how this progress in research done at the cornea
as a model can be used at the cornea as a place for clinically relevant and sight-
threatening neovascular diseases, using, for example, Bevacizumab (Avastin®) eye
drops. In our opinion, this is a perfect example for a successful translational re-
search story, started by Judah Folkman more than 30 years ago, that now slowly
comes back from bench to bedside to treat patients with sight-threatening corneal
neovascularization and to promote corneal transplant survival.

"

FIG. 1. The normal cornea, the transparent “windscreen” of the eye, is devoid of both blood and lymphatic
vessels and therefore is an ideal model system to study the mechanisms of hemangiogenesis and lym-
phangiogenesis (A). There is a sharp transition from physiologically vascularized conjunctiva to avascular
cornea (arrowhead in A and arrows in B. (B) Corneal flatmount stained with CD31 (Ref. 1. Reproduced with
permission. © 2006, National Academy of Sciences).

FIG. 2. Pathologic, clinically invisible corneal lymphangiogenesis associated with pathologic, clinically
visible angiogenesis (A) in a vascularized human cornea, as detected by novel specific immunohistochemi-
cal markers for lymphatic endothelium such as LYVE-1 (B). Lymphatic vessels stained in red, blood vessels
stained in green with CD31.
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FIG. 3. Concurrent induction of inflammatory hemangiogenesis (B: blood vessels; stained in green: CD31)
and lymphangiogenesis (L: lymphatic vessels; stained in red: LYVE-1) in a murine model of corneal inflam-
matory neovascularization (A-D) (Ref. 55. Reproduced with permission.© 2004, American Society for
Clinical Investigations). Central, normally avascular cornea is at the top, physiologically vascularized con-
junctiva at the bottom of each picture (segment of murine corneal flatmount).

The cornea as the In Vivo model system to study the
mechanisms of angiogenesis

Judah Folkman established the basis for research into angiogenesis, not only for
tumor angiogenesis, but by using the cornea as a model system also for corneal
angiogenesis already in the early 1970’s. Since then, the corneal angiogenesis as-
say has been one of the best in vivo assays for the evaluation of factors influencing
angiogenesis.?® One reason that makes the cornea an ideal object for observing
neovascularization is its normal lack of vascularity, maintained by different molec-
ular mechanisms (Fig. 1). New vessels can easily be identified and quantified with
the help of computerized image analysis programs (Fig. 4). Therefore, the cornea
offers a good possibility for studying corneal hemangiogenesis and recently also
lymphangiogenesis in vivo. During the last 30 years, Folkman and others achieved
many results by the help of a corneal angiogenesis assay.

In 1971, Judah Folkman published a paper in the New England Journal of Medi-
cine, where he proposed that, by implanting a tumor into the corneal stroma, tu-
mor growth is depending on angiogenesis.® He hypothesized that a tumor can
only grow beyond a certain size if it gets connected to the blood system by neo-
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vascularization.® For this hypothesis, he had to face a lot of skepticism at this time,
but over the years Folkman and his co-workers supplied evidence for the theory
that now is widely accepted.

In 1972, Michael Gimbrone and Folkman presented new data collected with the
rabbit eye in vivo model to support the theory. They demonstrated that small tumor
fragments implanted in the anterior chamber did not become vascularized and re-
mained at a small size, whereas fragments, implanted directly on the surface of
the iris, introduced neovascularization and tumor size increased exponentially.?!
Based on these data, they considered the possibility to control tumor growth by
preventing tumor-induced angiogenesis.

In 1974, Gimbrone et al. reported a new experimental model using the rabbit
cornea, supporting again that tumor growth is angiogenesis dependent. After in-
trastromal tumor implantation in the avascular cornea, the tumor size primarily
increased at a linear rate. But once the tumor got vascularized, tumor growth
was exponential.?? Using this model, several substances isolated from neonatal
scapular cartilage,® shark cartilage,'® and the vitreous” were found to have inhibi-
tory effects on the growth of new blood vessels, thereby restricting tumor growth.
Similar effects could be shown for medroxyprogesterone, dexamethasone, or cor-
tisone locally applied in sustained release polymer to rabbit V2 carcinoma that was
implanted in the rabbit cornea.?®

The model of implanted intrastromal tumors yielded a good neovascular response,
but had deficits in reproducing and quantifying the results because of the incon-
sistent tumor growth after tumor vascularization.?*

In 1976, Langer, at that time a postdoctoral trainee in Folkman’s laboratory, pre-
sented a method of sustained release of biochemically active substances from
implanted polymers without the side effect of inflammation.?® This technique could
be combined with the micropocket assay and made it possible to get a repro-
ducible neovascularization response depending on the direct stimulation of blood
vessels via different growth factors without the inflammatory stimulus.?62”

Briefly, uniformly sized pellets are made of the slow-release polymer Hydron with
a certain concentration of growth factors. After pellet implantation in a corneal
micropocket, the neovascular response at desired time points can easily be meas-
ured and quantified. The corneal micropocket assay, first reported in rabbits,28
was adapted to mice?®20 and later on to rats.®
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FIG. 4. Using the cornea to ana-
lyze pharmacologic effects of an-
tiangiogenic and antilymphang-
iogenic drugs is enabled by
precise, stepwise morphometry
in the normally avascular cornea
with absent vascular background
“noise” (A-G).

In the last 30 years, the corneal angiogenesis assay provided insights in various fields
of angiogenic research: It was used to study angiogenic agents in vivo including an-
giogenin,®? chondrosarcoma-derived growth factor,®® adipose tissue®* and vascular
endothelial growth factor VEGF-A,%% VEGF-C,%¢ and -D.%’ It is also a reliable tool for
the investigation of angiogenesis inhibitors such as protamine,®® angiostatin,? inter-
leukin'240 PEDF#! thalidomide,*>4% and AGM-1470.444% The cornea model was obvi-
ously also used to study mechanisms: for example, in 2000, Rohan and coworkers
published a paper about the genetic heterogeneity of angiogenesis in mice in which
they examined the response to growth factor stimulated angiogenesis in different
strains of inbred mice. With the cornea micropocket assay and the in vitro aortic ring
assay, they could demonstrate a genetic heterogeneity between the different strains
that influences angiogenesis.*® Recently, the corneal neovascularization assay helped
to provide an insight into the potential role of platelets for angiogenesis in vivo.*”
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Today, more than 50 angiogenesis inhibitors are tested in clinical trials. Some of
them have already received Food and Drug Administration (FDA) approval for
cancer treatment and macular degeneration (AMD), an eye disease where ang-
iogenesis plays a decisive role. A very successful drug in cancer therapy, Avas-
tin (Bevacizumab®), a monoclonal antibody against vascular endothelial growth
factor (VEGF), was approved by the FDA in 2004 for the treatment of metastatic
colorectal cancer together with standard chemotherapy and is now widely used
off-label for the treatment of AMD and corneal neovascularization.

Although these corneal in vivo assays provide a reliable model to study potential
angiogenesis stimulators and inhibitors, one should keep in mind that normally the
cornea is an avascular tissue and therefore an atypical site for angiogenesis. 20:48:49
This fact suggests that the cornea is an additional model to identify angiogenic
and lymphangiogenic inhibitors.5°

The cornea as a new In Vivo model to study lymphangiogenesis

In his last years, Judah Folkman was also active in the upcoming field of lym-
phangiogenesis research. He and coworkers were able to induce lymphangio-
genesis selectively by low concentrations of FGF-2 and were additionally able
to inhibit lymphangiogenesis by celecoxib and rofecoxib.'*%" More recently, he
requested that the identification of angiogenesis inhibitors which can also inhibit
lymphangiogenesis, or of pure lymphangiogenesis inhibitors, should be investi-
gated for new therapies for the treatment of lymphatic disorders.>?

Judah Folkman et al. demonstrated in 2004 that vascular endothelial growth factor
receptor VEGFRS3 is essential for the outgrowth of lymphatic vessels in the cornea
under noninflammatory conditions.™

Based on these initial studies and the finding that LYVE- 1* lymphatic vessels
can be found in pathologically vascularized human corneas,® we and others were
interested to study the mechanisms of inflammatory corneal lymphangiogenesis
and its importance for (corneal) transplant immunology, again using the cornea as
a model.

Therefore, it could be shown that besides the classic lymphangiogenic growth fac-
tors VEGF-C and -D,5354 also the “hemangiogenic” growth factor VEGF-A exerts
lymphangiogenic effects in vivo.5® That lymphangiogenic effect was shown to be in-
direct in nature, predominantly via VEGF-A mediated recruitment of macrophages,
which in turn release lymphangiogenic growth factors such as VEGF-C and -D.%®
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Cytokine traps against VEGF-A, as well as selective depletion of macrophages,
could completely abrogate an inflammation-induced hem- and lymphangiogenic
response in the cornea.%®

Based on the availability of novel and specific anti(lymph)angiogenic agents, we
and others tried to define the interaction between inflammatory lymphangiogen-
esis and immune responses, especially after transplantation. Using the murine
model of corneal transplantation, it could be shown that by inhibiting hem- and
even more so lymphangiogenesis, immune reactions after transplantation could
be modulated. The new therapeutic concept of immunomodulation by anti(lymph)
angiogenic therapy could promote graft survival both in the low-risk as well as in
the high-risk model of murine corneal transplantation (Fig. 5).15.56.57

Using different tools to specifically inhibit lymphangiogenesis in the cornea
(i.e., the VEGFR-3 blocking antibody mF4-31C1'7 and integrin alpha 5-inhibiting
small molecules)®® we were recently able to demonstrate that predominantly lym-
phatic vessels (i.e., the afferent arm of a so-called immune reflex arc) determine
the high-risk status of a prevascularized recipient bed in the cornea. Therefore, the
selective blockade of lymphangiogenesis prior to transplantation increased the
graft survival nearly up to normal risk graft survival.

Again using the cornea as a model, endogenous and exogenous inhibitors of lym-
phangiogenesis could be identified: We analyzed, for example, whether the block-
ing anti- VEGFR3 antibody mF4-31C1 is able to inhibit the outgrowth of pathologic
new lymphatic vessels in a mouse model of suture- induced, inflammatory corneal
neovascularization. The mF4-31C1 antibody-treated mice displayed nearly com-
plete inhibition of lymphangiogenesis as compared with IgG controls. In contrast,
there was no significant inhibitory effect observed with respect to blood vessel
growth.*8

Using the cornea to test a potential antilymphangiogenic effect of a known exog-
enous angiogenesis inhibitor, it was analyzed whether Bevacizumab can, in ad-
dition to inflammatory corneal angiogenesis, also inhibit lymphangiogenesis. The
systemic and topical application of Bevacizumab significantly inhibited the out-
growth of blood and lymphatic vessels.'” Although the binding affinity for murine
VEGF is very low, significant binding could be detected by Western blot analysis,
ELISA, and a surface plasmon resonance assay.'” Based on these in vivo results,
Avastin eye drops, now in use off-label in patients with progressive corneal angio-
genesis, should also inhibit human corneal lymphangiogenesis.
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The cornea proved also to be very helpful in defining general mechanisms of in-
flammatory lymphangiogenesis. Maruyama and colleagues could identify a novel
mechanism whereby inflammatory lymphangiogenesis takes place, which also
adds to the important role macrophages play in inflammatory lymphangiogenesis:
Macrophages not only release a whole cocktail of lymphangiogenic growth fac-
tors,%® but also physically integrate into newly formed lymphatic vessels.®
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FIG. 5. Inhibition of hemangiogenesis and lymphangiogenesis promotes graft survival after low-risk cor-
neal transplantation (Ref. 57. Reproduced and modified with permission. © 2004, I0VS). Inhibition of
postoperative hemangiogenesis (green: CD31) and lymphangiogenesis (red: LYVE-1) using a VEGF-A cy-
tokine trap significantly promotes graft survival in a murine model of corneal transplantation. (A) Control.
(B) VEGF trap. (C) Survival proportions.
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Translation of antihem- and antilymphangiogenic therapies into clinical use
against corneal neovascularization

As outlined above, tremendous progress has been made in recent years in un-
derstanding the basic mechanisms of corneal angiogenesis, and very recently
also corneal lymphangiogenesis. In parallel, great efforts have been made to
translate the discoveries in angiogenesis research into clinical medicine, prima-
rily in the field of oncology, but also in ophthalmology. VEGF inhibitors such as
Bevacizumab (Avastin®), Ranibizumab (Lucentis®), and Pegaptanib (Macugen®)
are now the mainstay for treating neovascular forms of age-related maculopathy.
They are also widely used off-label for treating diabetic retinopathy, retinal venous
occlusions, and neovascular glaucoma.

What about inhibiting corneal neovascularization in the clinic? What about translating
antiangiogenesis from the prime in vivo model (i.e., the cornea) into clinical therapy?
Angiogenesis inhibition at the anterior segment obviously lags behind antiangiogen-
esis at the posterior pole of the eye, primarily because of industry support for treat-
ment of agerelated maculopathy and the burden of blinding retinal disease for an
aging society (age-related maculopathy now is the most common blinding disease in
the elderly in industrialized countries). Nonetheless, there are numerous indications
for antiangiogenic therapy at the anterior segment, and some have already been ad-
dressed in clinical trials or using the above mentioned anti-VEGF inhibitors off-label.

Indications for antiangiogenesis at the anterior segment include:

1. Inhibition of corneal neovascularization (either being sight-threatening or
being harmful for corneal graft survival),

2. Inhibition of aggressive corneal neovascularization in recurrent pterygia,

3. Inhibition of corneal conjunctivalization in patients with limbal stem cell de-
ficiency (e.g., after chemical burns, or after limbal stem cell transplantation),

4. Modulation of neovascularization and wound healing after filtering surgery
for glaucoma patients, and

5. Inhibition of iris neovascularization causing neovascular glaucoma.

In the following, we will focus on current options and future perspectives of angio-
genesis inhibition at the cornea. As outlined above, the normal cornea is devoid of
both blood and lymphatic vessels and actively maintains that avascularity against
a plethora of minor angiogenic stimuli that the cornea, due to its exposed ana-
tomic position, is constantly exposed.' This so-called “angiogenic privilege” of the
cornea is, for example, responsible for the surprising fact that corneal refractive
surgery never causes corneal angiogenesis.
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The mechanisms of this corneal angiogenic privilege are redundantly organized
and very elaborate, an indication how important evolutionary corneal avascularity
was. There are several lines of defense against corneal neovascularization:

a. Endogenous inhibitors of angiogenesis are located at the inner and outer borders
of the cornea. These include inhibitors such as angiostatin, endostatin, throm-
bopondins, and PEDF, and there are certainly more inhibitors to be identified.5%6°

b. Several highly sophisticated receptor decoy mechanisms contribute to
corneal avascularity: there is an endogenous natural “trap” for VEGF-C
and -D (i.e., the ectopically expressed VEGF receptor 3 in the corneal epi-
thelium) (Fig. 6)." Complementary to that trap there is a soluble form of
VEGFR1 also expressed in corneal epithelium which neutralizes VEGF-A.?
In addition, there is a corneal Interleukin 1 receptor antagonist.®’

c. The cornea actively tries to prevent hypoxia-driven upregulation of VEGF,
first by low if any expression of HIF 1 alpha, and second by expression of
IPAS, an inhibitor of hypoxia-driven HIF 1 alpha-signaling.®?

Nonetheless, several corneal diseases can lead to pathological corneal neovascu-
larization. These can be grouped into diseases causing corneal inflammation (e.g.,
bacterial and viral forms of keratitis), diseases interfering with the limbal barrier be-
tween normally avascular cornea and physiologically vascularized conjunctiva (Fig.
1; e.g., chemical burns or inherited forms of limbal deficiency) and finally diseases
presumably leading to corneal hypoxia (i.e., contact lenses with low oxygen pene-
tration).’® Corneal neovascularization is associated with the second most common
cause of blindness worldwide (trachoma) and also with the most common form of
corneal blindness in industrialized countries (herpetic keratitis). In fact, corneal ne-
ovascularization does not only seem to be a sequel of certain inflammatory corneal
diseases, but also may be causative for autoimmune forms of herpetic keratitis.®

The clinical sequelae of corneal angiogenesis are several fold: blood vessels grow-
ing into the normally avascular cornea reduce corneal transparency and thereby
visual acuity. Blood vessels do not only cause blindness by themselves, but also
by secondary changes caused by immature corneal blood vessels, that is, lipid
deposition in the cornea (lipid keratopathy, Fig. 2), corneal edema and bleeding
into the cornea.'® Furthermore, pathologic blood, and especially lym phatic ves-
sels growing into the cornea, significantly impair the prognosis of a corneal trans-
plantation performed into such a cornea afterwards.®*%” Whereas non-HLA-
matched grafts placed into an avascular, so-called low-risk recipient bed enjoy a
5-year survival of around 90%, the survival rate in pathologically prevascularized,
so-called high-risk recipient corneas drops to below 50%. Several of these high-
risk eyes are not even operated on because of the poor prognosis.®+5
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FIG. 6. Ectopically expressed VEGF receptor 3 in the corneal epithelium (A) (arrows) acts as a natural sink
for angiogenic growth factors VEGF-C and -D and maintains corneal avascularity by preventing the ligation
of these factors to their natural receptors on vascular endothelium in the adjacent conjunctiva (B) (Ref. 1.
Reproduced and modified with permission. © 2006, National Academy of Sciences); B: with friendly per-
mission from Peter Mallen, Schepens Eye Research Institute, Boston).

Recently, in addition to corneal hemangiogenesis, we could demonstrate the pres-
ence of pathological and clinically nonvisible corneal lymphatic vessels in human
vascularized high-risk corneas.® Immunologically, these lymphatic vessels act as
the afferent arc of the immune reflex circle and enable direct access of donor-de-
rived antigen-presenting cells and antigenic material to the regional lymph node,
where an immune responses is mounted. Consequently, pre-existing pathologic
blood (and clinically invisible lymphatic vessels) constitute the strongest predictor
for immune rejections after keratoplasty. In addition, we could recently demon-
strate that also corneal hem- and lymphangiogenesis occurring only after kerato-
plasty (both in the low-risk as well as in the high-risk setting) significantly increase
the risk of immune rejections.56:57 Consequently, novel antihem-/anti-lymhang-
iogenic therapies could significantly promote the survival of corneal grafts, both in
the murine model of low-and highrisk keratoplasty.'5:57:%¢ This proved the general
feasibilty of the new therapeutic concept of immunomodulation by anti(lymph)an-
giogenic therapy.

Therefore, we and others have focused on how to target pathologic corneal hem-
and especially lymphangiogenesis, both causing blindness as well as deteriorat-
ing corneal graft survival (both pre-and post corneal transplantation). For the lat-
ter purpose, specific inhibitors of lymphangiogenesis are desirable, since these
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would probably not interfere with corneal wound healing. Because especially in
the context of corneal inflammation, hem- and lymphangiogenesis are closely in-
terrelated, it was so far difficult to specifically target lymphangiogenesis without
affecting hemangiogenesis. As outlined above, we and others have recently de-
scribed several new pharmacological approaches to (relatively) specifically target
inflammatory corneal lymphangiogenesis.

These approaches include:

a. Blocking peptides against integrins expressed on lymphatic vascular en-
dothelial cells.5® We could show that blocking peptides against integrin al-
pha 5, being expressed on lymphatic vascular endothelium in vivo, at cer-
tain concentrations relatively specifically block lymphangiogenesis without
affecting hemangiogenesis.%®

b. Blocking antibodies against the lymphatic vascular endothelial specific
VEGF receptor 3 also have been shown to relatively specifically block in-
flammatory lymphantiogenesis without affecting hemangiogenesis.*®

None of these approaches have yet entered clinical trials for use in patients, but
they are promising tools for a (relative) specific blockade of lymphangiogenesis in
the context of corneal transplantation to promote graft survival.

The current options for corneal angiogenesis inhibition in the clinic primarily in-
clude indirect antiangiogenic agents such as anti-inflammatory steroids and cy-
closporine A. The only specific antiangiogenic treatment options available are:

a. The off-label use of anti-VEGF agents such as Bevacizumab (Avastin®),
Ranibizumab (Lucentis®), and Pegaptanib (Macugen®), which have been
licensed for either anticancer and/or intravitreal use against agerelated
maculopathy, and

a. The use of antisense oligonucleotide eye drops against insulin receptor
substrate 1 (IRS-1) in the framework of a European multicenter study.

In direct continuation of Folkman and colleagues’ experimental studies on the
role of VEGF in corneal neovascularization, anti-VEGF pharmacological strategies
such as Bevacizumab (Avastin®) translate that concept into clinical application.
Indeed, initial experimental studies using several animal models do support an
important inhibitory effect of Bevacizumab, Lucentis, and Macugen on corneal
neovascularization (Fig. 7).8%-70 Avastin eye drops and Lucentis eye drops in addi-
tion have been shown to inhibit corneal lymphangiogenesis in animal models.'”7°
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FIG. 7. Avastin (Bevacizumab)
eye drops potently stop progres-
sive corneal angiogenesis, lead
to partial regression of immature
blood vessels and reduced per-
fusion of mature blood vessels
(Ref. 10. Reproduced with per-
mission. © 2007, Springer Ver-
lag). (A) prior to and (B) 4 weeks
after additional therapy with
Avastin eye drops five times a
day in a patient with progressive
corneal neovascularization after
limbal stem cell deficiency.

The initial clinical experience of using Avastin eye drops or subconjunctival injec-
tions also suggests that approach to be a promising tool to target pathologic corneal
neovascularization in the clinic.'®71-74 Our initial patients being treated with Avastin
eye drops off-label for pathologic corneal neovascularization unresponsive to con-
ventional therapy showed a significant, but also very variable, response to addition-
al Avastin eye drops when neovascularization was analyzed morphometrically on
standardized digitized slit-lamp pictures.'® All other published case reports or small

EUPO Course 2009 | Page 76




case series support the concept of Avastin eye drops or subconjunctival applications
being relatively effective (no controlled trials available yet) and relatively safe (no
proper safety studies available yet).*87"-7* Therefore, prospective randomized
studies are necessary to define indications, safety, and effectiveness of that ap-
proach in inhibiting corneal neovascularization.

For the other two off-label available anti-VEGF agents, there is much less known about
their effect on human corneal neovascularization. Preclinical data show both of them
being active against corneal neovascularization, with Ranibizumab, as said above,
also being active against corneal lymphangiogenesis.”® A prospective, multicenter,
randomized European phase lIb study at the moment is investigating the efficacy and
tolerability of an antiangiogenic antisene oligonucleotide against IRS-1 applied as eye
drops twice daily. Initial interim results suggest the compound to be safe and effective.

What about the safety of topical neutralization of VEGF at the ocular surface?
Although the limited evidence from published off-label clinical use of anti-VEGF
therapies (primarily Bevacizumalb)'848.71-74 as well as from in vivo and in vitro safety
studies suggest this specific antiangiogenic approach to be safe, several potential
complications have to be kept in mind and observed thoroughly in future studies.
If one deducts potential side effects from the known physiological functions of
VEGF in the cornea or in the anterior segment of the eye, several potential side
effects come into play, especially given the “nonangiogenic” effects of VEGF, that
is, its neurotrophic effect, its role in wound healing and inflammation:

a. Neurotrophic keratopathy: the cornea is one of the most densely inner-
vated tissues of the human body and we know now that VEGF is a potent
neurotrophic growth factor.”® Physiologically, there are trace amounts of
VEGF found in normal avascular corneas, so that VEGF in that avascular
cornea also might have a neurotrophic effect. Therefore it is quite possible
that a long-term anti-VEGF strategy at the cornea may reduce corneal in-
nervation, thus leading to neurotrophic keratopathy or impaired corneal
nerve regeneration.”®

b. Altered immune responses: VEGF is a known potent chemoattractant for
inflammatory cells and an essential component of the “immune amplifica-
tion cascade” leading to a robust inflammatory response in the cornea.®®
Anti-VEGF strategies may alter that ability to mount an effective immune
response (Fig. 8).

c. Wound healing problems are a well known side-effect of angiogenesis in-
hibitors in vascularized tissues. But even in the avascular cornea, VEGF
may play a role in wound healing. Corneal epithelium (e.g., expresses
VEGFRS), which besides neutralizing VEGF-C and -D and thus maintaining
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corneal angiogenic privilege, may also have an effect on epithelial prolif-
eration.” In addition, VEGFs’ known effect on recruitment of inflammatory
cells, especially macrophages, may alter corneal stromal wound healing.5®

"VEGF R,
Macrophage recruitment

Hemangiogenesis

,-"n\ !

3

- | -1

Lymphangiogenesis |

Immune amplification

VEGF R,

FIG. 8. Essential role of VEGF-A in immune amplification as evidenced from inflammatory corneal neovas-
cularization models (Ref. 55. Reproduced with permission. © 2004, American Society for Clinical Investi-
gation). Early depletion of either VEGF-A or macrophages completely stops the immune-amplification
cascade, leading to inflammatory corneal hemand lymphangiogenesis. VEGF-A has an indirect lymphang-
iogenic effect via macrophage recruitment.

In summary, in direct continuation of Judah Folkman’s initial experimental stud-
ies on corneal neovascularization, we now see a late but promising translation of
antiangiogenic, primarily anti-VEGF therapies against corneal neovascularizatio.
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Since most of these approaches are yet offlabel uses, we hope that continued
research efforts and support from pharmaceutical industry will allow for use of li-
censed antiangiogenic drugs at the cornea, the prime and long-time in vivo model
of angiogenesis, in the near future. That would be a perfect translational research
success story from mice to men. And a posthumous salute to Dr. Folkman’ re-
search efforts in the field of (corneal) angiogenesis research.

Disclosure statement
No competing financial interests exist.
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Immune privilege and angiogenic
privilege of the cornea

| Claus Cursiefen, Germany |

Abstract

The cornea is the transparent window of the eye and corneal transparency is es-
sential for good vision. Inflammatory reactions within the cornea cannot only cause
tissue destruction and scar formation, but are also associated with angiogenesis
and lymphangiogenesis in the cornea. Both inflammation-associated processes
interfere with corneal transparency and cause corneal blindness. During evolution
the cornea has developed mechanisms for preventing and modulating inflamma-
tory and angiogenic reactions. The fact that the cornea is normally devoid of both
blood and lymphatic vessels and actively maintains this avascularity has been
termed ‘corneal angiogenic privilege’. Corneal ‘immune privilege’, on the other
hand, indicates that the cornea is an immune-privileged site and tissue, enabling
the extraordinary success of histologically incompatible corneal transplantation.
Recent evidence indicates that there is considerable overlap in the molecular
mechanisms maintaining corneal ‘angiogenic’ and ‘immune privilege’.

Copyright © 2007 S. Karger AG, Basel

Transparency of the cornea, the ‘window of the eye’, is essential for good vision "2,
Therefore, evolutionarily developed strategies to interfere with processes that en-
danger corneal transparency can be explained teleologically. Clinically, the three
entities most severely affecting corneal transparency are inflammatory reactions
within the cornea, corneal neovascularization, and finally loss of corneal endothe-
lial pump function (either due to degeneration or in the course of inflammation). In-
flammation not only causes loss of transparency by the influx of inflammatory cells
into the stroma, but also due to secondary changes, e.g. scar formation and de-
struction of endothelial pump cells. Similarly, corneal neovascularization reduces
transparency not only by itself, Immune Privilege and Angiogenic Privilege 51 but
also due to leakage of lipids, fluid, and erythrocytes into the cornea [® 4. Conse-
quently, higher animals have developed strategies for limiting and modulating the
response to inflammatory stimuli in the cornea and maintaining corneal avascular-
ity. The first strategy refers to corneal ‘immune privilege’ ['*71. The normal cornea
is devoid of blood and lymphatic vessels and actively maintains this avascularity;
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this has been termed ‘angiogenic privilege’ (by Streilein), being analogous to im-
mune privilege. This study describes the two interdependent phenomena, their
overlapping molecular mechanisms and novel immunomodulatory treatment op-
tions based on antihem- and antilymphangiogenic agents, i.e. ‘immune privilege
through angiogenic privilege’ .

Common phenomenology of corneal immune and
angiogenic privilege

The normal cornea is avascular and, in contrast to other tissues, does not respond
with hem- or lymphangiogenesis in response to the plethora of minor inflamma-
tory and angiogenic stimuli in the cornea, due to its anatomical position, to which
it is constantly exposed. Surprisingly, tissue destruction caused by refractive
laser procedures never initiates angiogenesis. This suggests active modulation
and inhibition of corneal angiogenic responses to minor stimuli, which are physi-
ologically unnecessary and would interfere with corneal transparency (i.e. ‘corneal
angiogenic privilege’). By contrast, if an angiogenic response becomes necessary
(e.g. in severe, eye-threatening corneal infections), both hem- and lymphangio-
genesis can be initiated within hours 19, In analogy, the extraordinary success
of allogeneic corneal transplantation is related to the ocular surface being an im-
mune-privileged site and the cornea in addition an immune-privileged tissue ',
Therefore, the cornea has mechanisms actively and passively interfering with the
afferent and efferent arms of the immune reflex arc 1",

There are several parallels between these two forms of privilege: first, both are
redundant. Several active and passive mechanisms are responsible for corneal
immune privilege 7. In analogy, the cornea uses different strategies to maintain
avascularity and buffer low-grade angiogenic stimuli. Genetic removal of one or
more of the endogenous inhibitors of angiogenesis does not cause spontaneous
corneal neovascularization, suggesting multiple backup mechanisms ['2. Second,
both forms of privilege are incomplete, i.e. they can be overcome, as shown by im-
mune rejection after keratoplasty and neovascularization during herpetic keratitis.
Third, they are actively maintained "4, Fourth, both are essential for vision and are
highly conserved evolutionary. Finally, both forms of privilege are interdependent,
i.e. invasion of blood and lymphatic vessels into the cornea abrogates corneal im-
mune privilege ['®l. On the other hand, severe corneal inflammation also leads to
breakdown of the angiogenic privilege .
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Common molecular mechanisms of corneal immune and
angiogenic privilege

Novel insights into the molecular mechanisms of hem- and lymphangiogenesis
explain the close interrelations between neovascularization and immunity/ inflam-
mation. Most mediators of angiogenesis, e.g. vascular endothelial growth factor
(VEGF), which have traditionally been thought of as acting solely on vascular en-
dothelium, also have profound effects on immune and inflammatory reactions.
For example, VEGF-A (via its receptor 1: VEGFR1) is a potent chemoattractant for
macrophages ¥ 1%, VEGF-C, in addition to being the most potent lymphangiogen-
ic growth factor, can recruit dendritic cells via VEGFR3 ['4. Hence, endogenous
anti-angiogenic mechanisms targeting these agents have anti-inflammatory ef-
fects and also promote both angiogenic and immune privilege. Alternatively, most
pro-inflammatory cytokines incite hemand lymphangiogenesis [l. Neutralization of
interleukin-1 almost completely abrogates the angiogenic response to inflamma-
tion in the corneal suture model ['l. Endogenous interleukin-1 receptor antagonist
expression, therefore, promotes both angiogenic and immune privilege ['l. Indeed,
both processes are so closely interrelated that it is nearly impossible to experi-
mentally differentiate the two pathways in the cornea['%.

In addition to immunomodulation by angiogenic growth factors and angiogen-
esis by pro-inflammatory cytokines, inflammatory cells themselves also play para-
mount roles in the process of corneal angiogenesis. The immune amplification
cascade leading to corneal hem- and lymphangiogenesis after corneal inflam-
mation critically depends on the recruitment of macrophages, which in turn are
potent sources for all major hem- and lymphangiogenic growth factors (VEGF-A,
VEGF-C, and VEGF-D). Local depletion of macrophages can completely prevent
the outgrowth of blood and lymphatic vessels [,

From the inhibitory perspective, endogenous corneal thrombospondin-1 is an es-
sential inhibitor and downregulator of both inflammatory and neovascular reactions
in the course of corneal inflammation ['2, and its deficiency leads to significantly
prolonged inflammatory reactions and enhanced corneal neovascularization 12,

The close association between angiogenesis/lymphangiogenesis and immune re-
actions is further exemplified by findings indicating that inflammatory cells (CD11b
macrophages), which can express the lymphatic vascular endothelial hyaluronate
receptor LYVE-1 under certain pro-inflammatory conditions, cannot only release
angiogenic growth factors [10], but also become integral components of inflam-
mation-induced new (corneal) lymphatic vessels in the cornea [,
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Developmentally, corneal angiogenic privilege is established very early: already
at fetal stages, the human cornea - in contrast to the adjacent conjunctiva - is
devoid of lymphatic and blood vessels [Cursiefen et al., unpublished findings].
Whether corneal immune privilege is already fully active at these early stages is
currently not known, but corneal antigen-presenting cells lacking major histocom-
patibility complex (MHC) class Il are not present in fetal corneas before term [7],

Analogy exists between both forms of privilege regarding their anatomy; both have
a transition zone at the limbus, where vascularized conjunctiva transitions into
avascular cornea and where MHC class ll-positive antigen-presenting cells de-
crease in number [18.19],

Corneal immune privilege

There are numerous active and passive mechanisms that contribute to corneal
immune privilege via all three aspects of the immune reflex arc =71, These include:
lack of blood and lymphatic vessels, reduced numbers of MHC class Ill-positive
antigen-presenting cells, reduced corneal expression of MHC class |, expression
of CD95 ligand, an immunosuppressive microenvironment (-melanocyte-stimu-
lating hormone and vasoactive intestinal polypeptide) and the fact that the cor-
nea is part of the anterior chamber with its immune deviant, immunosuppressive
mechanism of anterior chamber-associated immune deviation [': 571, The cornea
is not only an immune-privileged site (as shown by low rejection rates after his-
tologically incompatible allografting for example), it is also an immune-privileged
tissue, which resists immune destruction, as shown by extended survival when
transplanted into non-immune-privileged sites [''). When grafted into a heterotopic
site, the alloimmunogenicity of the normal cornea resides within its epithelial and
stromal layers, whereas immune privilege arises from the endothelium. In analogy,
the cornea is not only an angiogenically privileged site, but also an angiogenically
privileged tissue, as shown by the observation that the cornea remains avascular
when transplanted heterotopically to vascularized sites ['"].

Corneal angiogenic and lymphangiogenic privilege

Due to its normal avascularity, the cornea has been the prime in vivo model sys-
tem to study the mechanisms of angiogenesis and lymphangiogenesis [ 191,

The precise mechanisms of neovascularization in the course of corneal disease
are only partly understood. In general, angiogenic growth factors (e.g. the VEGF
family) induce angiogenesis by binding to their VEGF receptors on vascular
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endothelial cells at the limbal vascular arcade. Stimuli for the release of these
factors are inflammation and hypoxia [ 4. How the cornea normally prevents in-
growth of blood and lymphatic vessels in response to the plethora of minor ang-
iogenic and inflammatory stimuli has only recently gained wider attention 18 121,
As mentioned above, there seem to be several redundant mechanisms in place
securing this evolutionarily important privilege. Several anti-angiogenic factors
have been localized within the cornea, especially at the inner and outer basement
membranes and endothelial/epithelial cells; these include thrombospondin-1, pig-
ment epithelium-derived factor, anti-angiogenic extracellular matrix breakdown
products (e.g. angiostatin and endostatin) as well as receptor antagonists, e.g.
interleukin-1 receptor antagonist. In addition, aqueous humor seems to contrib-
ute to the angiogenic immune privilege of the cornea by sequestering angiogenic
growth factors, e.g. by soluble VEGFR1 or heparan sulfate binding of fibroblast
growth factor %21, Nevertheless, the precise mechanisms of this system of buff-
ering low concentrations of angiogenic factors and allowing angiogenesis to occur
if this threshold is passed, are still unclear.

Although at least some of the endogenous angiogenesis inhibitors are known, so
far, endogenous inhibitors of lymphangiogenesis remain to be determined. The
normally alymphatic cornea is an excellent model to study these unknown factors.

Immunomodulatory effects of antihem- and
antilymphangiogenic therapies in the cornea

Corneal immune privilege depends on its angiogenic privilege. Consequently,
the survival of allogeneic grafts placed in an avascular ‘low-risk’ recipient bed is
very good. By contrast, survival rates dramatically fall when grafts are placed into
prevascularized corneal beds (i.e. ‘high-risk’ keratoplasty). Both mouse experi-
ments 2 and clinical studies 23 have shown that preoperative corneal neovas-
cularization (i.e. loss of angiogenic privilege) is one of the strongest predictors of
subsequent immune rejections 231, Therefore, it was hypothesized that antihem-
and antilymphangiogenic therapies could have beneficial effects on corneal graft
survival by interfering with the ‘afferent and efferent arms’ of an immune response.
Several recent publications provide ‘proof-of-principle’ for this novel concept.

Pharmacologic neutralization of VEGF-A using novel cytokine traps completely
inhibits hem- and lymphangiogenesis normally produced in the mouse model of
suture-induced high-risk keratoplasty ['%l. When corneal allografts are placed in
these ‘avascular high-risk beds’, graft survival is significantly higher compared to
‘vascularized high-risk beds’ [Cursiefen and Streilein, in preparation], indicating an
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important role of the lacking angiogenic privilege for the high rate of graft rejec-
tions in high-risk settings. Therefore, novel antiangiogenic drugs given during cor-
neal inflammation might prevent the development of a high-risk bed and thereby
promote graft survival if future keratoplasty becomes necessary.

If primary prevention fails, secondary prevention has to take place. The most com-
mon keratoplasties are performed in low-risk patients who have avascular graft
beds. However, even in these situations, about 10% of patients reject their cor-
neal graft and also develop corneal neovascularization postoperatively 4. Using
the mouse model of low-risk keratoplasty, we have recently shown that this mild
postkeratoplasty angiogenesis is accompanied by clinically invisible lymphang-
iogenesis, which compromises corneal immune privilege by providing access to
both the afferent and efferent arm of the immune reflex arc 19, Indeed, in the mouse
model of low-risk keratoplasty, both vessel types reached the interface within 1
week of grafting, and inhibition of this postkeratoplasty neovascularization signifi-
cantly improved graft survival [¥. Moreover, even in prevascularized high-risk graft
beds, inhibition of the additional, postoperatively occurring hem- and lymphang-
iogenesis reduces the risk of subsequent graft rejections 2%,

Besides the approaches targeting primarily hem- and lymphangiogenesis, anti-
angiogenic strategies targeting the immune effects of angiogenic growth factors
have recently been shown to be very effective. Blocking antibodies against VEG-
FR3-mediated migration of dendritic cells to the regional lymph nodes significantly
improves corneal graft survival ', Likewise, the beneficial effect of local macro-
phage depletion on corneal graft survival, which has previously been attributed to
‘immunologic ignorance’ 29, can also be explained by the antihem- and antilym-
phangiogenic effects of the liposome-depleting agent clodronate ['%, Furthermore,
this clodronate-based, macrophage-depleting anti-angiogenic approach could
even prolong graft survival in animal models of xenotransplantation [Borges et al.,
unpublished findings].

Angiogenesis and lymphangiogenesis tend to follow strong inflammatory processes
in the cornea 2728, There is evidence that corneal neovascularization, at least in
some instances, is not only a result, but can also be a cause of corneal inflamma-
tion. The pathogenesis of herpetic keratitis seems to depend on corneal angio-
genesis 9. Anti-angiogenic therapies can prevent herpetic keratitis % and, indeed,
could become part of future therapeutic regimens against corneal herpes infections.

In summary, due to its immune and angiogenic privilege, the cornea has ac-
quired two fascinating systems to maintain transparency and to preserve vision.
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Further unraveling of the molecular mechanisms of these processes will not only
allow better understanding of corneal function, but will also provide useful new
tools for immunomodulatory and anti-angiogenic/antilymphangiogenic therapies
for diseases of the eye and maybe other organs as well 29,
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Keratoprosthesis surgery

| Christopher Liu, United Kingdom |

Salim Okera (Anterior Segment Fellow), Christopher Liu

Keratoprosthesis (KPro) surgery is an option for the visual rehabilitation of
patients with corneal blindness resulting from conditions where penetrating
keratoplasty would have little chance of survival. However, even after over two
centuries of refinement it remains complex surgery that is performed by relatively
few ophthalmologists, and which is often a last resort for desperate patients who
are willing to undertake the many risks in the hope of seeing again.

Indications'2

The indications for keratoprosthesis surgery encompass two main groups of cor-
neal blindness. In the first group a severely dry eye results in an ocular surface
hostile to corneal graft survival, a situation often compounded by inflammation
and limbal stem cell loss. Examples in this group include Stevens Johnson syn-
drome, ocular cicatricial pemphigoid, chemical burns, trachoma, and severe sicca
states. While most keratoprostheses are suitable for use in eyes with some tear
production, only certain types may be used in severe tear deficiency. In the sec-
ond group there is a high risk of graft failure due either to a vascularized cornea, or
multiple prior graft failures. This latter group lacks the severe tear deficiency and
ocular surface inflammation of the former.

Most keratoprosthesis centres will only consider patients who have bilateral se-
vere visual impairment, or blind only eyes. The eye to be rehabilitated should have,
as best as can be determined, a functional retina and optic nerve. Patients with
visual impairment due to severe optic nerve or retinal pathology will not benefit
from a keratoprosthesis. Keratoprosthesis surgery is not a suitable intervention for
patients that are unable to comply with the required postoperative care, or those
who have unreasonable expectations of the outcome and cosmesis. Paediatric
patients are generally not considered for keratoprosthesis surgery.
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BILATERAL CORNEAL BLINDNESS

| WET OCULAR SURFACE | | DRY OCULAR SURFACE |
Limbal stem No Limbal teeth no teeth
cells Stem Cells
Keratoplasty with AlphaCor OOKP OOKP allograft
limbal stem cell
transplant and Boston Type 1 (Boston Type 2) Temprano KPro
immunosuppression Keralia Pintucci KPro

| Failed keratoplasty

| Fig 1: Choosing the Type of KPro

The ideal keratoprosthesis

The ideal keratoprosthesis should provide excellent visual acuity that is main-
tained in the long-term. Optically therefore it should have a few aberrations and a
specificiable power. Its biological properties would include biocompatibility with
host tissue and resistance to infection. From the surgical viewpoint it should be
easy to implant, allow good drug penetration, and have qualities that facilitate
postoperative assessment such as intraocular pressure measurements?®.

Unfortunately, these ideals are not met by any currently available keratoprosthesis.
All involve complex surgery with the risk of serious complications, have limited opti-
cal qualities and even in the elderly generally do not last for the lifetime of the patient.

History*

Pellier de Quengsy of Toulouse in 1789 was the first to suggest replacing an opaque
cornea with a glass plate. Nussbaum in the 1850s used collar-stud devices con-
sisting of two plates sandwiching the cornea, linked by an optical cylinder. Over
the following century all attempts at keratoprosthesis surgery failed due mainly to
implant extrusion. In the first half of the twentieth century the increasing success
of keratoplasty, especially when combined with improved surgical technique, led
many to abandon keratoprosthesis surgery. Filatov in Russia experimented with
collar-stud keratoprostheses in the 1930s, but with little success.
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In the 1950s a revival in keratoprosthesis research led to a multitude of new de-
signs. All consisted of an optical cylinder, and a skirt to fix the prosthesis to the
eye. The design of the skirt was recognized to be a significant factor in the reten-
tion of the device. Perforations in the skirt were found necessary to promote the
passage of nutrients into the anterior corneal layers, while preventing aqueous
humouir filtration and eye infection. The large number of designs reflected both the
varying ideas on maximizing retention, and the fact that none were uniformly suc-
cessful. The main problem remained tissue melting around the synthetic material,
presumably as a result of mechanical pressure necrosis, disturbance in nutrition, and
tissue foreign body reaction. This resulted in leakage, extrusion and endophthalmitis.

Three main approaches were used in the attempt to prevent extrusion. The first
was reinforcement of the corneal layers above the supporting skirt with materials
such as donor cornea, sclera, periosteum, fascia lata and oral mucosa. The sec-
ond consisted of varying the depth of corneal fixation, with the skirt being placed
either on the corneal surface (epicorneal), in a lamellar pocket of varying depths
(intracorneal), or behind the cornea (retrocorneal). Collar-stud devices were also
re-invented, the most popular being the Dohiman-Doane and the Cardonna “nut
and bolt” KPros (Fig 2).

C Fig 2: Modes of KPro Fixation
(after Grabner 2004)
A: Collar stud Fixation
B: Intracorneal fixation
C: Epicorneal fixation
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The third approach involved using materials that minimized tissue damage, and even
allowed integration of KPro and host tissue. Some devices were coupled to corneal
allografts. In others, skirts of autograft material such as bone, cartilage and tooth were
tried. The use of teeth by Strampelli led to the development of the osteo-odonto-
keratoprosthesis. Other researchers focused on the search for porous biologically inert
materials capable of being colonized by host tissues, a variety of which were found,
including silicone resin, Teflon, Dacron, and soft hydrophilic HEMA polymers. The latter
had additional advantages of allowing manufacture of one-piece flexible core-and-
skirt devices where both optic and skirt were chemically identical, thereby eliminating
interface problems and allowing surgical handling similar to that of a corneal graft.

The retention of keratoprostheses has steadily improved as a result of improved
materials and designs, the development of microsurgical techniques, and the dis-
covery of new ways to prevent serious postoperative complications such as glau-
coma and infection. Only a few of the many designs developed are in current use,
and these are described below.

Preoperative assessment

Due to the complexity, risks and costs of keratoprosthesis surgery, adequate pa-
tient selection and assessment is essential.

The ophthalmic history and examination has several goals. The primary diagnosis
and its severity, the presence of other ocular co-morbidities especially glaucoma
and retinal disease, and the extent of prior surgical intervention must be determined.

Of critical importance are the potential visual acuity and the demonstration of
intact retinal and optic nerve function. The presence of a relative afferent pupillary
defect and accurate light projection are determined. A B-scan ultrasound is essen-
tial to exclude retinal detachment, glaucomatous cupping, exudative maculopathy
and pre-phthisis. In some cases a flash ERG and VEP are be useful, although their
amplitude may be diminished due to media opacities. Axial length measurement
by A-scan ultrasound allows determination of the power of the optical cylinder.

External ocular examination involves an assessment of the lids, fornices, and de-
gree of tear insufficiency. The conjunctiva must be examined for stem cell failure,
inflammation, metaplasia or dysplasia and the cornea for vascularization, thinning
and prior perforation. The depth of the anterior chamber, synechia, angle status
and presence of a crystalline or intraocular lens are noted if visible. The intraocular
pressure is determined by tonometry if possible, or digitally.
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A detailed psychological assessment must be undertaken, as well as an explora-
tion of the patient’s expectations of surgery, and those of their families. They must
be given an appreciation of the potential benefits, the risks involved, and the sig-
nificant commitment in time, finance and travel.

A general medical and anaesthetic assessment is required prior to surgery. An-
aesthesia may be complicated by a history of drug reaction in Stevens Johnson
patients, and concurrent mucous membrane disease causing difficulties with intu-
bation. Both endotracheal and nasotracheal intubation is required for the separate
stages of some devices, as access to the mouth (for mucosal graft harvesting) as
well as the eye is required.

Types of keratoprosthesis
Keratoprostheses generally consist of an optical cylinder, and a skirt for fixation
to the eye. The latter is the source of most design variations, and to a large extent

determines the retention of the device by the eye.

Non-Integrated Synthetic Skirts:

The Boston KPro (previously known as the Dohlman-Doane KPro)%-8

The Boston KPro (Type 1), under development since 1965 and cleared by the
FDA in 1992, is made of PMMA and shaped like a collar button when fully as-
sembled. It is first screwed onto a donor corneal button like a nut and bolt. The
graft-prosthesis combination is then transplanted into the patient’s cornea. Vision
is provided through the clear central stem. A soft contact lens is placed on the eye
for permanent use in order to diffuse the evaporative forces and keep the cornea
well hydrated. The supporting plate (haptic) is placed entirely behind the graft;
holes in the back plate facilitate nutrition and hydration of overlying graft tissue.

Fig 3A: (Dohlman 2005)
Boston Type 1 KPro
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Fig 3B: (Dohlman 2005)
Boston Type 1 KPro in situ

|

The crystalline lens, or if pseudophakic the intraocular lens, is removed. The de-
vice is custom made for the axial length in aphakia.

The indication for this KPro is graft failure in non-autoimmune disease, where tear
and blink mechanisms are reasonably normal and in the absence of longstand-
ing intraocular inflammation. Complications for these indications are rare and
retention is excellent. Only if the recipient eye is chronically inflamed or has pr-
eoperative retinal disease or glaucoma can corresponding complications occur
retroprosthetic membrane formation, sterile vitritis, aggravation of glaucoma etc).
Prophylactic antibiotic drops, especially vancomycin, have markedly reduced the
infection rate. Some success in glaucoma control has been achieved with Ahmed
glaucoma valve shunts of new design, with aqueous diverted to distant sites in
order to avoid the formation of cicatricial capsules around the shunt plate.

—_

The Boston KPro is the most commonly used device in the USA. About 800 have
been implanted. A modified device (Type 2) is available for through the lid implan-
tation in end stage dry eye.

The Champagne Cork Keratoprosthesis®

Designed by Jan Worst of the Netherlands and modified by Daljit Singh in India,
this consists of a champagne cork or mushroom shaped polycarbonate optic held
in place with thin stainless steel wires. The cap of the device is 6 mm in diameter.
Wires are threaded through eight holes in the cap, and fitted with needles to al-
low anchoring of the device in equatorial sclera. The stem is 4.5 mm at the base
and narrows to 3.0 mm at the neck, where it joins the cap. Scleral support keeps
the cap apposed to the corneal surface, with the intraocular pressure pushing the
corneal rim outwards against the back of the cap. The scleral fixation reduces the
physical pressure on the cornea and hence the risk of corneal necrosis. However
no actual bio-integration of host tissue into the keratoprosthesis can occur.
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Fig 4 A and B: (Tandon 2005): The Champagne cork KPro

All patients undergo removal of the crystalline or artificial lens at the time of sur-
gery; the optic is available in a standard dioptric strength for an aphakic eye.

This KPro is suitable for cases of mild to moderate non-inflammatory dry eye. In
severe tear deficiency additional measures such as mucous membrane grafts may
be tried.

Biological Skirts:

The Osteo-Odonto-Keratoprosthesis (OOKP)? 10-14

Described by Strampelli and modified by Falcinelli, the PMMA optical cylinder is
cemented into a rectangular block of dentine and surrounding alveolar bone from
a harvested canine tooth, some 12-15mm long and 3mm thick. This complex is
nourished by a vascular supply that develops from the underlying sclera, sur-
rounding extraocular muscles and an overlying buccal mucous membrane graft.
The latter also provides physical and microbiological protection, as the buccal
mucosa with time joins with the dento-alveolar ligament, cement and dentine.

OOKP surgery consists of two stages. In the first stage, a mono-radicular tooth with sur-
rounding alveolar bone is harvested. An osteo-odonto-lamina is prepared by grinding
half of the root down to the pulp canal to form a rectangular block. The PMMA optical
cylinder is cemented into a hole drilled into the lamina. The complex is then implanted
into a sub-muscular pouch in the lower lid of the fellow eye for a period of 2-4 months.
During this interval soft tissue invests the bone pores of the lamina. The delay also al-
lows recovery of the lamina from thermal damage, and any infection introduced from
the oral cavity can be treated whilst the lamina is sub-muscular rather than on the eye.

Also as part of the first stage, a buccal mucous membrane graft is harvested. After
a 360 degree peritomy and removal of the epithelium and Bowman’s membrane
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from the cornea, the buccal mucosal graft is sutured to the sclera, the rectus
muscle insertions, and recessed conjunctiva. It becomes vascularized by the time
of Stage 2 surgery, and subsequently provides blood supply to the bone of the
OOKP lamina.

In Stage 2, some three months later, the buried lamina is retrieved from its sub-
muscular pouch. A flap is made in the buccal mucosal graft and reflected to allow
corneal trephination. The lens, iris and anterior vitreous are excised, and the lam-
ina is sutured to the sclera. The buccal mucous flap is reposited over the device
and an opening made for the optic.

The OOKP is the only keratoprosthesis able to withstand a severely dry ocular sur-
face, such as in ocular cicatricial pemphigoid or Stevens Johnson syndrome. The
power of the optical cylinder may be chosen based on the axial length of the eye,
resulting in excellent visual acuity, but a narrow field of vision. Falcinelli’s long-term
retention rates and visual results are unmatched by any other keratoprosthesis,
with survival analyses indicating an 85% chance of device retention at 18 years
after surgery, and a 55% chance of retaining best postoperative visual acuity'*.
For edentulous patients HLA matched tooth allografts from relatives may be used,
but immunosuppression is required and retention rates are lower.

Fig 5A
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/ " Bore OOKP Lamina

Fig 5B

Fig 5C

Fig 5: A: OOKP lamina
B: OOKP schematic
C: OOKP in situ
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Osteo-Keratoprosthesis

This modification of the Strampelli OOKP, developed by Jose Temprano, uses a disc
of tibial bone in place of the osteo-dental lamina. Long-term survival rates are lower
than those for the OOKP, but it is an option where donor teeth are not available®1,

The Coralline Hydroxyapatite (HA)KPro'”

Designed by Drs Carlos Leon, Jose Barraquer Snr and Jose Barraquer Jnr, this
consists of a 3.5-5mm diameter optic anchored in a hydroxyapatite skirt of
8-10 mm in diameter. The skirt is placed into a corneal lamellar pocket and host
stromal tissue invests the pores of the coral. It can also be placed between two
corneas or under a rectus muscle flap if the host cornea is too thin. The device has
shown good retention in animal models, but there are currently no published hu-
man results and the device has been used in a relatively small number of patients.

Integrated Synthetic Porous Skirts:

The Pintucci Keratoprosthesis

The PMMA optic of the Pintucci KPro is surrounded by a porous Dacron skirt
which becomes bio-integrated with the patient’s connective tissue.

The implantation of the Pintucci device involves two-stage surgery very similar to
that of the OOKP. In the first stage a labial mucous membrane graft is harvested,
a peritomy performed, corneal epithelium removed, and the graft sutured to the
conjunctiva and rectus insertions. The Pintucci device is buried beneath the or-
bicularis of the lower eyelid where it remains for two months, allowing investment
of the skirt by connective tissue and blood vessels.

In Stage 2 surgery, two months later, the device is removed from its sub-muscular
pouch and the optical cylinder cleaned of connective tissue. A flap is made in the
labial mucosal graft, the cornea trephined, and the iris, lens and anterior vitre-
ous removed. The keratoprosthesis is inserted so that the optic projects into the
anterior vitreous, with the Dacron skirt sitting on top of the cornea. The mesh is
sutured to the cornea, and the labial mucosa is replaced and trephined to allow
protrusion of the KPro.

This KPro has relatively good medium term published retention and visual out-
comes'8-20,
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Fig 6: The Pintucci KPro with soft tissue investment

The Retrocorneal Fixation Keratoprosthesis (Lacombe):

The retrocorneal fixation KPro was designed initially as an all PMMA device main-
tained in place solely by the force of intraocular pressure on the posterior haptic
placed against the corneal vault. Due to a high rate of extrusion with the initial
design, subsequent modifications have included a bio-colonizable Teflon (ePTFE)
skirt, designed to seal the implant-tissue interface. Despite initial ingrowth of host
tissue into the Teflon, subsequent decolonisation, probably due to micro-mechan-
ical trauma leading to apoptosis within the pores, has also resulted in high rates of
expulsion. Ongoing design modifications continue 2.

The Legeais BioKpro:

After experimental work demonstrating colonization of microporous PTFE by kera-
tocytes, the multipiece BioKPro | was designed, consisting of a PMMA optic and
PTFE skirt implanted in an intralamellar corneal pocket. The KPro was covered
with a conjunctival or buccal mucosal flap, which was excised three months after
the first stage to expose the optic. A high rate of anatomical failure resulted in
the development of the BioKPro Il, comprising a transparent soft silicone copoly-
mer core chemically fused to the PTFE skirt, and the most recent modification,
the BioKpro lll, a similar device with smaller optic and larger skirt designed to
enhance bio-colonization. Unfortunately recent published results indicate a very
high short term-extrusion rate, due to poor colonisation and chronic inflammation
in the skirt??-24,
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Soft (hydrophilic) KPros:

AlphaCor?5-28;

The AlphaCor (CooperVision Surgical Perth, Australia) is a flexible poly(2-hydrox-
yethyl methacrylate (PHEMA) device, with a transparent non-porous core optic
and opaque skirt. The peripheral macro-porous skirt region allows bio-integra-
tion through tissue ingrowth, preventing leakage and epithelial downgrowth. It is
implanted within a lamellar pocket of which the central 3.5 mm posterior to the
optic is removed. The optic becomes a full thickness corneal replacement three
months later at Stage 2 of the procedure, when tissue anterior to the optic is
removed. A Gunderson flap was originally felt to be a necessary adjunct, but is
now rarely performed.

Some degree of tear film is needed, as the hydrophilic nature of PHEMA requires
a wet environment to provide a good quality refractive surface. An inadequate or
inflammatory tear film increases the risk of postoperative stromal melting around
the device, and of contact lens type deposition on the optic. Hence the device
is mainly used for corneal opacities unsuited to keratoplasty, or in previous graft
failures. In these groups the anatomical and visual success rates have been rea-
sonable. A high incidence of stromal melting after implantation in HSV disease has
resulted in this being a contraindication to the device. Topically applied medroxypro-
gesterone has been found to reduce the rate of stromal melting and is routinely used.
Heavy smoking may discolour the optic and is also a contraindication to surgery.

Fig 7: (Hicks 2005)
The AlphaCor in situ
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The Supradesmetic Keratoprosthesis (Keralia)?2%3°:

Designed by Parel, Lacombe and Alfonso in 1990, this KPro, made of pHEMA
polymers, is designed to fit directly onto bare Descemet’s membrane after deep
lamellar dissection. It thus theoretically avoids some of the risks of penetrating
KPros such as epithelial downgrowth, fistula formation and endophthalmitis. The
central optic is 4.5 mm in diameter and surrounded by an annular skirt of 1.25 mm.
It is 350 microns thick in the centre, narrowing to 100 microns at the periphery.
Holes are present in the outer haptic for tissue ingrowth and nutrient transfer.

A multi-centre European trial is currently ongoing.
Postoperative care:

Postoperatively, topical and in some cases oral or periocular steroids are admin-
istered. Immunosuppression may be required in inflammatory ocular surface dis-
eases. Systemic antibiotics are used for the first week, and topical antibiotics are
continued for life.

After discharge from hospital, patients are reviewed weekly. At each visit the
keratoprosthesis is checked for complications, the intraocular pressure is digitally
palpated and the optic disc and retina examined. B scan is useful for detecting
early peripheral detachments. In uncomplicated cases the frequency of visits is
reduced, and may be shared with a local ophthalmologist. However the need for
regular review remains life-long.

Complications:

Complications may occur at any stage of keratoprosthesis surgery. Many are com-
mon to all designs, whereas some are specific to the type of KPro used. Intra-
operative complications include vitreous and suprachoroidal haemorrhage, and
retinal detachment.

Glaucoma is a major problem after keratoprosthesis surgery, occurring in up to
75% of patients, and is complicated by the unreliable measurement of intraocular
pressure and visual field. Many patients eligible for keratoprosthesis surgery have
pre-existing glaucoma. Diagnosis rests on a combination of digital palpation, optic
disc appearance and gross visual field defects. As penetration of topical medica-
tion is uncertain, and systemic acetazolamide has long-term risks, management
of intractable glaucoma after keratoprosthesis implantation often involves surgery.
Several methods are available, but drainage tubes (Ahmed, Baerveldt) are the
most reliable means 26,

EUPO Course 2009 | Page 107




After glaucoma, retinal detachment represents the most common sight-threaten-
ing risk, and its repair is complicated by the limited view affordable through the
optical cylinder. Repair may necessitate removal of the KPro and use of a temporary
KPro with a larger field of vision. Endoscopic surgery or the BIOM system may avoid
this disadvantage, but the equipment is expensive and there is a learning curve 258,

While retroprosthetic membrane formation was common in most artificial kerato-
prosthesis, it is less frequent with newer designs. It is rare after OOKP because of
the removal of the iris, lens and anterior vitreous. If a membrane does develop it
may be removed by YAG capsulotomy, or failing this by pars plana approach 29,

Infectious endophthalmitis is devastating for a KPro and may be caused by a
variety of organisms. It is less common with improved keratoprosthesis designs,
and the use of lifelong topical antibiotic prophylaxis. If suspected, it requires ur-
gent vitreous tap or vitrectomy, injection of intravitreal antibiotics, and topical and
systemic antibiotics.

Leakage and extrusion are generally caused by lack of wound healing or stromal
melting at tissue interfaces, most commonly between host tissue and the kerat-
oprosthesis. Their incidence has also decreased significantly with research into
KPro design and materials.

Each keratoprosthesis is associated with a specific set of complications. For ex-
ample after OOKP surgery oral complications may occur at the mucosal and den-
tal graft sites such as scarring, infection, and damage to the roots of adjacent
teeth or the maxillary sinus. In the long term, resorption of the bone of the OOKP
lamina may cause decentration of the cylinder, aqueous leak, extrusion, or endo-
phthalmitis. Mucous membrane thinning and ulceration may result from infection
or erosion from a bony spur on the lamina'4,

The prognosis of KPros depends on the preoperative diagnosis, with non-inflam-
matory graft failures performing best, and inflammatory disorders such as Steven-
Johnson syndrome having the highest rates of complications °.

The future of Keratoprotheses:

Keratoprostheses have only recently achieved more universal recognition as a
useful technique for severe corneal blindness. New materials and designs that
improve anatomical success rates, simplify surgery, and reduce complications
will result in more widespread acceptance. Optical modifications will improve the
visual results of these devices.
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Perhaps the most exciting developments lie in the development of corneal tissue
replacements. These materials, comprised of natural and synthetic biopolymers,
will allow colonization of the major cells of the cornea and will support nerve in-
growth. Their refractive index, transparency and mechanical properties will ap-
proach those of the natural cornea.

Currently keratoprosthesis surgery remains a complex procedure that is only of-
fered to patients unable to benefit from keratoplasty. However ongoing research
may take us closer to the ideal keratoprosthesis, which combines the technical
ease and success rates of keratoplasty with bioengineered tissue that lacks the
infective risks and immune reactions of allografting.

The authors would like to thank the following, who have made personal contributions
to this chapter: Griffith M, Hicks C, Tandon R, Maskati Q, Dohiman C, and Leon C.
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Atopic eye disease

| John Dart, United Kingdom |

Ocular Allergy

This group of disorders, often known as the allergic eye diseases , is probably
better referred to as atopic eye diseases to distinguish them from disorders which
result from other hypersensitivity mechanisms. The atopic eye diseases comprise
a group of 6 disorders which have in common evidence of a Type 1 allergic mecha-
nism together with a papillary conjunctivitis.

Symptoms

Typically itching, sticky white and stringy mucous discharge. There may be ex-

treme discomfort when severe with soreness and a foreign body sensation.

Clinical characteristics and distinguishing features

Disease Disease Conjuncti- | Corneal Disease Diagnostic
course val signs signs associa- tests
tions
Seasonal Onset 5-20 | Hyperae- None Personal Cytology
allergic years. mia. Stringy or family usually nor-
conjunctivitis Spontane- | white history of mal. Serum
(SAC) ous remis- | discharge. atopy & tear
sions com- | Oedema. IgE often
mon. Rare | Micropapil- elevated
inold age. | lae if severe
Strikingly
seasonal
Perennial As for Hyperae- None Personal
allergic SAC but mia, stringy or family
conjunctivitis symptoms | white dis- history of
(PAC) all year charge, mi- atopy
round with | cro papillae
seasonal common
exacerba-
tions
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Atopic Onset Micropapil- | Punctate Systemic: | Cytology:
keratocon- between lae with epithelial atopy and eosinophils
junctivitis (AKC) | 20-50 intense kerat- atopic der- | and mast
years. infiltrate. opathy, matitis. cells.
Chronic Reticular pannus, Ocular: Serum and
course over | and sheet macroero- | staphylo- tear IgE ele-
many years. | scarring. siaon? and | coccal lid vated. Skin
Spontane- | Shortened plaque3. disease, prick tests
ous resolu- | fornices Pseudog- cataract, positive to
tion in old in some erontoxon™. | kerato- many al-
age. Non cases. Herpes conus, her- | lergens
seasonal Trantas keratitis pes simplex
dots. common. keratitis
(often
bilateral)
Atopic blepharo | Do Micropapil- | None Personal Do
conjunctivitis lae with or family
(ABC) intense history of
infiltrate, atopy
reticular
scarring
Vernal kerato- Onset Palpebral Palpebral Ocular: Do
conjunctivitis between form: giant | form: kerato-
(VKC) 5-15 years. | upper tarsal | punctate conus
Spontane- | papillae epithelial and cata-
Palpebral, lim- | ous resolu- | often bilat- | keratopathy | ract.
bal and mixed tion in erally assy- | affecting Systemic:
forms. 95% after metrical. upper half | atopy in
10 years. Limbal of cornea. variable
Seasonal form: mi- Adherent propor-
exacerba- cro-papillae | mucous ap- | tions from
tions usual | on upper pearing as | 0-100% de-
tarsus but superficial pending on
gelatinous | syncytial geographi-
macropa- opacity cal location
pillae at progressing | (atopy
limbus. to mac- common
Trantas roerosiaon | in Northern
dots in and vernal | Europe
both. plaque. but rare
Mixed Limbal in Middle
form: form: East).
combines keratopathy
features extend-
of both ing in from
diseases limbus with
associated
epithelial
dysplasia
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Contact lens Progres- Infiltrate None Atopy not Eosinophils
associated pap- | sively more | without strongly as- | in25% .
illary conjunc- common papillae in sociated IgE usually
tivitis (CLPC) with length | some. Mi- normal
also known as of contact cropapillae
Giant papillary lens or or giant pa-
conjunctivitis prosthesis pillae with
(GC) use scarred api-

ces. Signs

often as-

symetrical.

Mucous

discharge,

loss of lens

tolerance

1. Trantas dots: white pinhead sized dots consisting of eosinophils and necrotic
epithelial cells.

2. Macroerosion: large epithelial erosions usually in upper half of cornea.

3. Plaque (vernal plaque): laminated structure of protein and polysaccharide ad-
herent to the anterior stroma with destruction of Bowmans layer.

4. Pseudogerontoxon: arcus-like appearance in relation to limbal pannus. May
disappear in remissions.

Immunopathogenesis

e Recent advances in the understanding of these diseases have come from in-
vestigations of the humoral mediators of inflammation in the tears and analy-
sis of the cellular components by immunostaining. Interactions between the
cellular components by cytokine production is being actively investigated by
immunostaining and in situ hybridisation. These techniques have shown that
SAC and PAC are primarily typical Type 1 hypersensitivity diseases whereas the
others show varying degrees of a coexisting Type 4 hypersensitivity response.

e SAC & PAC show mast cells and eosinophils in the conjunctival mucosa
and submucosa with high levels of locally produced IgE to specific allergens
present in the tears. The diseases can be mimicked by topical instillation of
antigen and the reaction to these blocked by drugs active against mast cells
ie cromones.

e AKC & VKC show both the cellular components present in SAC & VKC but
with massive connective tissue hyperplasia and CD4 T cell lymphocytes, and
plasma cells together with MCT mast cells and eosinophils in the epithelium
and MCTC mast cells in the substantia propria. The T cells are probably im-
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portant inducers of the cellular inflammatory response in these diseases. It is
possible that the TH1 subset, predominant in delayed type hypersensitivity
responses, that is inactivated by cyclosporine, is more predominant in AKC
than VKC in which the TH2 subset , with a B cell helper role, may be more
important. Mast cells and eosinophils are found in larger numbers in VKC than
in AKC. ABC and GPC show similar cellular components.

Differences between the disease phenotypes may be explained by function-
al differences in the effector cell populations - mast cells and eosinophils.
There is heterogeneity in the mast cell populations as defined by their neutral
protease composition with MCT (mast cells containing tryptase and typically
found in the mucosa) predominating in the epithelium and MCTC (tryptase
and chymase containing and typically found in the connective tissues) pre-
dominating in the substantia propria. MCT mast cells are dependant on T
cells for regulation whereas MCTC are not. Although mast cells are important
effectors of thew allergic response they also have a role as mediators and pro-
duce cytokines stimulating the TH2 lymphocyte (IL4), the B cell (IL6) and the
eosinophil (IL5). This mediator activity may be important in the early phase of
the allergic response before T cells have been recruited. Although MCT mast
cells are usually responsive to cromones and MCTC are not the relationship
of the mast cell phenotype and function may not hold and functional hetero-
geneity may depend on the local environment. Functional heterogeneity may
also occur in the eosinophil population.

Adhesion molecules (selectins, integrins and their ligands), which are re-
sponsible for lymphocyte homing on involved tissues, are also upregulated
in these diseases and may provide another target for therapeutic intervention.

The role of the effector cells: Mast cells release preformed mediators in “pack-
ets” when they degranulate in response to binding of IgE with allergen. This
is by exocytosis and the important mediators released are histamine result-
ing in hyperaemia, oedema and mucous production as well as prostaglandin
production. Histamine has been detected in the tears in the atopic conjunc-
tivititides. Eosinophils release cationic proteins including major basic protein.
This is epitheliotoxic and has been identified in the tears in VKC. It is probably
a major factor responsible for the development of corneal epithelial erosions
and macroerosion. The presence of the latter with the mucous and debris
present in an acute exacerbation of keratopathy acccount for the formation of
plaque. B cells produce IgE locally in atopic conjunctivitis. Locally produced
IgE is an important factor in the pathogenesis of SAC, PAC and some cases
of VKC but less so in AKC, ABC & CLPC.
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Diagnosis

e Laboratory investigations only needed in patients not responding to therapy
or who require topical (or systemic ) steroid therapy for relief of symptoms.

e  Conjunctival cytology for eosinophils and mast cells simple and helpful if
positive. Negative in 75% SAC patients and 50% of SAC patients. Usually
positive in VKC and AKC. Scrape tarsal conjunctiva with spatula firmly after
anaesthetising with benoxinate, smear on glass slide, air dry , fix in methanol
and stain with Giemsa (1).

e Serum IgE positive in atopes but not in all patients with atopic eye diseases
who may have locally produced IgE. In SAC & PAC only present in 80% of
patients. Variable results in VKC and GPC. Very high in AKC(1-3).

e Tear IgE elevated in most all patients with atopic eye diseases (SAC 96% PAC
100%, limbal VKC 80%, palpebral VKC 100% and AKC 100% (1-3) except
possibly GPC. Use ophthalmic cellulose surgical sponges to collect tears with
modified PRIST radioimmunoassay (4) or Adiatec Tear IgE test if available.

e Biopsy with conventional histology the gold standard. Bulbar snip biopsy
and tarsal punch (using 3 mm disposable dermatological punch) but patients
MUST be off steroid for 2 weeks before.

e Skin prick tests very variable in VKC depending on population. Positive in
AKC, SAC and PAC but not indicative of precipitating allergen; this has only
been identified for PAC from locally produced tear IgE.

Treatment

SAC & PAC: Ketotifen or olapatadine are currently often used as first line therapy
as they have combined antihistaminic and mast cell stabilizing ef-
fects. However cromones (mast cell stabilizers including sodium
cromoglycate 2%, levocobastine and nedocromil) and/or antihista-
mines (levocabastine or emedastine) may be more effective in some
patients. Severe exacerbations may require short periods of topical
steroid in addition.

ABC & AKC: These respond poorly to the mast cell stabilizers and/or antihista-
mines used although these are worth a trial in mild cases. These
drops are often not tolerated until the inflammation is brought under
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control with high dose topical steroids when they can be introduced
as steroid sparing drugs. Pulses of systemic steroids may be need-
ed to bring the diseases under control before substituting topical
therapy. The management may be very specialised because of the
problems of steroid glaucoma and herpes exacerbations associated
with topical and systemic steroids. Oral acyclovir prophylaxis is use-
ful in many patients who often have bilateral HSV keratitis. Systemic
therapy with ciclosporin or tacrolimus in younger patients and aza-
thioprine or mycophenolate in older patients (or both combined) are
needed in severely affected patients.

VKC: Topical mast cell stabilisers/antihistamines are the mainstay of treat-
ment with the addition of the minimal dose of topical steroid that is
needed to control exacerbations. Patients and parents should be
taught to manage their own diseases with ophthalmological backup.
Patients must have immediate access to the ophthalmologist to help
manage exacerbations and blinding corneal complications. Sys-
temic therapy, usually with steroids or ciclosporin, is rarely required
but may be necessary in very severely affected cases. Cataract and
steroid glaucoma are constant iatrogenic threats to vision in severe
disease.

GPC: Improve the contact lens hygiene and modify the lens fit and material
before considering treatment as for SAC. Patients are more easily
managed in daily disposable or rigid gas permeable lenses.

New approaches to therapy

Advances in the understanding of the immunopathology will hopefully lead to
improved management of these disorders. At present mast cell satbilisers/anti-
histmines are the mainstay of mild disease and are used to spare the amount of
topical steroid needed in severe disease. In severe disease steroids are widely
used because of their efficacy and despite their side effects. Their mode of action
is very nonspecific and it is hoped that more targeted therapy may be developed.
Topical cyclosporine (tacrolimus in Japan) is available commercially in the USA but
not in Europe. However trials have been very encouraging and have shown good
effect in VKC & AKC as expected from the immunopathogenic findings. New mo-
dalities of treatment such as drugs targeting other effector cells like eosinophils,
and therapy directed at adhesion molecules and cytokines, remain attractive goals
for the future.
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Recommended book chapter: Hannouche D, Hoang-Xuan T. Allergic conjunctivitis
Chapter 3 in Inflammatory Diseases of the Conjunctiva. Thieme Stuttgart 2001:53-66
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Meibomian gland dysfunction,
Ocular Rosacea

| Thanh Hoang-Xuan, France |

Ocular Rosacea

Ocular rosacea is frequent and its morbidity is far from negligible. Effective treat-
ments are available, but inappropriate treatment can lead to sight-threatening
ocular and iatrogenic complications. It can remain isolated, with no cutaneous
involvement (acne rosacea), or can precede the cutaneous signs sometimes by
several years. Ophthalmologists often fail to identify the cutaneous signs of rosa-
cea, because rosacea is defined by highly pleomorphic criteria. They consist of a
combination of signs visible on the face: telangectasia, flushing, and papules or
pustules. The rhinophyma is highly evocative, but it is rare and occurs only in cer-
tain advanced forms. Rosacea generally affects middle-aged adults of all races,
between 40 and 60 years, but can also occur during childhood.

Meibomian dysfunction is one of the key mechanism of ocular rosacea. It is re-
sponsible for tear film instability, excessive tear evaporation, and a dry-eye syn-
drome. The lipases produced by the bacteria of the commensal flora appear to be
indirectly responsible for meibomitis, by favoring lipolysis of the cholesterol esters
present in meibum and the release of toxic free fatty acids. Direct lipase toxicity
and an immune reaction to an exotoxin produced by commensal bacteria may
also play a role in the inflammation associated with ocular rosacea.

The symptoms of ocular rosacea are usually mild, consisting of blepharitis and
chronic conjunctivitis, which are linked together. The eyelid margins are hyperem-
ic, irregular and thickened. The orifices of the meibomian glands can be occluded
by yellowish, solidified meibum plugs. Digital pressure to the lid margin expresses
a more or less viscous and cloudy, sometimes granular or doughy material from
the meibomian orifices. There is often a history of chalazia. Ocular manifestations
are nonspecific, and may include a burning sensation, a foreign body sensation, ir-
ritation, and sometimes itching and visual fluctuations. Many patients themselves
complain of a sensation of dryness. The conjunctiva may be white or, on the con-
trary, diffusely hyperemic.

The best-known ocular complication, albeit rare, is phlyctenular keratoconjuncti-
vitis, with peripheral keratitis and corneal neovascularization. Other complications
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include conjunctival fibrosis which can lead to fornix foreshortening, symblepha-
ron formation, and trichiasis, epithelial punctate keratitis, catarrhal infiltrates, pe-
ripheral ulcerative keratitis, scleritis and episcleritis. The clinical presentation of
ocular rosacea in children is usually phlyctenular keratoconjunctivitis and skin le-
sions of rosacea are exceptional.

The principal differential diagnoses are dryness, allergy, and toxic conjunctivitis.
These diagnoses are particularly difficult to rule out because they can be associ-
ated with ocular rosacea.

The patient must be informed from the outset that ocular rosacea is a chronic con-
dition, that treatment will no doubt be lengthy. Daily lid hygiene is the cornerstone
in the treatment of ocular rosacea. The eyelids must be warmed by applying for
several minutes a facecloth or packs soaked in warm water. The patient must be
shown how to perform a firm and effective finger massage of the four eyelids. Fi-
nally, the eyes are rinsed with preservative-free saline. Oral tetracycline, its deriva-
tives (oxytetracycline and doxycycline), and minocycline have proven their effica-
cy in ocular rosacea. The mode of action of the cyclines is not clear. They appear
to act by reducing lipase production by staphylococci present in the commensal
flora, thereby reducing the release of toxic free fatty acids through meibomian
lipid hydrolysis. They also have anticollagenase activity, suppress neovasculariza-
tion, and have an antichemotactic effect. Tetracycline and its derivatives must be
reserved for severe forms of ocular rosacea and thier contraindications must be
respected. Topical corticosteroid eyedrops are only indicated to control an acute
inflammatory exacerbation, and only for a brief period. Topical 2% cyclosporine is
very effective in childhood ocular rosacea. Oral cyclines are contraindicated and
can be replaced by erythromycine.

Professor Thanh Hoang-Xuan
Head of Ophthalmology Unit at American Hospital Paris
HOANGXUANT®@aol.com
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Keratoconus and pellucid marginal
degeneration: diagnosis and treatment
including crosslinking

| Francois Malecaze , France |

Keratoconus: diagnosis and treatment

The treatment of this disease — a disease which nowadays remains the first indi-
cated cause for corneal transplantation among young adults — is at the beginning
of a major turning point in its evolution.

| think it is important, first and foremost, to mention that all these advances have
been made possible thanks to a better knowledge of the innermost structure of
this mysterious dystrophy. With this aim in view, the numerous biological works,
have really brought about the “modern” keratoconus era. The advance of para
clinical exploration initially, and most importantly of the topography of the cornea,
have allowed to make more and more precise detection of its forme fruste, which
are real nightmares for the refractive surgeon. More recent technologies (aberrom-
etry, Scheimpflug rotating camera, genetic studies will no doubt cast a new light
on this difficult diagnosis to the point of abnormality.

Contactology has also advanced, with lenses increasingly better fitting lenses that
can be adapted to the unusual fitting to the unusual curvatures of keratoconus, of-
fering remarkable safety, quality of vision and comfort. It has allowed to postpone
still further for as long as possible the surgical operation which is often dreaded
by our young patients. However, though still concerning 20% of these patients,
the surgical technique of transplantation has considerably evolved too, thanks to
the rapid expansion of lamellar transplantations which today allow to keep the
patient’s endothelium and thus lessen the risk of rejection as much as possible.
Besides short of obtaining an etiological the treatment of the keratoconus for now
thanks to the combined advances of genetic therapy and molecular biology, new
preserving strategies are developing, such as corneal collagen cross-linking which
is becoming a precious tool in the fight against this dystrophy.

Finally, we are eager to discuss post-LASIK ectasia which is a particular but con-
nected entity, and which will undoubtedly interest all those who practise this kind
of surgery.
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As you can see, the keratoconus is now an ailment which is the target of many
new kinds of diagnostic and therapeutic techniques, which create wonderful hope
for all our patients.

Pr Francois Malecaze - CRNK Toulouse, France
malecaze.fr@chu-toulouse.fr
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Bacterial Keratitis

| Joseph Frucht-Pery , Israel |

Management of bacterial Keratitis

Microbial keratitis is a sight-threatening corneal disease. Microbial keratitis is
usually associated with predisposing factors. A port of entry, such as epithelial
damage, is necessary for development of microbial keratitis for most of the bac-
teria species. However, in a few exceptions the infection occurs despite intact
epithelium such as in cases of Neisseria Gonorrhoeae. Contact lens use, trauma,
and altered defense mechanisms are the most common predisposing factors for
microbial keratitis.

Microbial keratitis starts with red painful eye. Photophobia and decrease of visual
acuity are common. Clinical evaluation typically shows epithelial corneal defect
with stromal inflammatory infiltration and stromal edema. The severity of signs and
symptoms are dependent on type and virulence of the infective bacteria. The most
common organisms are staphylococci, streptococci, and pseudomonas aeruginosa.

Suspicion of bacterial keratitis requires conducting microbiologic diagnostic tests.
These tests include specimen collection from the ulcer for staining and for cultur-
ing of bacteria. In patients with advancing ulceration despite antibacterial treat-
ment, the treatment should be discontinued for 24 hours, followed by collection of
cultures for diagnostic purpose.

At the present time no single antibiotic therapy can cover appropriately both gram-
negative and gram-positive bacteria. Therefore, initial treatment should be broad
spectrum and include two antibiotics. Once a single microbe is identified, then ap-
propriate monotherapy can be considered. However, the option of multimicrobial
infection should always be kept in mind.

The initial treatment is based on use of topical fortified antibiotics. To achieve
bactericidal concentrations of the antibiotics into the cornea, frequent drug ad-
ministration is required (every 30 — 60 minutes). We suggest drops of Cefazolin
50 mg/ml and one of the aminoglycosides (Gentamicin or Tobramycin) 14 mg/ml.
Other combinations including Fluoroquinolones and Vancomycin are also pos-
sible under certain conditions. Topical antibiotics are used on an hourly basis,
day and night, for the first days. The dose is decreased upon clinical response.
The clinical parameters for a positive response to the drugs include decrease of
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pain, re-epithelialization of the ulcerations, decrease of the density of the stromal
infiltration and edema, and reduction of the inflammation in the anterior chamber.

In cases of prolonged non-healing, one should consider the irritative and toxic ef-
fects of the fortified antibiotics, particularly of aminoglycosides and Vancomycin.

Corticosteroid use is very controversial. At the present time, there is no study that
clearly shows the advantage of corticosteroid use in active microbial keratitis. Re-
lapse of infection may occur in association with corticosteroid use during infective
event in cornea. Corticosteroids can be applied when bacteria were identified and
appropriate antibiotic is used with an evidence of clinical response to antibiotic
treatments. A variety of rules should be observed while steroids are applied.

Surgical approach is indicated only in extreme events such as perforation or pend-
ing perforation. Penetrating keratoplasty in a “hot eye” is the last choice in treating
bacterial keratitis.

References:

1. Preferred Practice Pattern Committee, Cornea/External Disease Panel, Bacterial
Keratitis, San Francisco: American Academy of Ophthalmology; 2005.

2. Schein, O.D., Glynn R.J., Poggio, E.C., et al.: The relative risk of ulcerative kera-
titis among users of daily-wear and extended-wear soft contact lenses. A case-
control study. Microbial Keratitis Study Group. New England Journal of Medicine
773-778; 1989.

Prof. Joseph Frucht-Pery
Department of Ophthalmology
Hadassah University Hospital
Jerusalem, Israel
JOSEFR®@hadassah.org.il
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Herpes simplex infections and
herpes zoster of the cornea

| Lies Remeyer , The Netherlands |

Treatment of herpetic keratitis should be quite simple.

Despite the availability of effective antiviral treatment and potent steroids to sup-
press inflammation associated with acute herpetic disease, chronic HSV contin-
ues to give significant ocular morbidity.

HSV keratitis is a common disease entity with significant morbidity.

The mainstay of a correct treatment protocol for HSV keratitis is linking of the
clinical picture to the pathogenesis.

The most commonly used antiviral drugs are acyclovir and trifluridine. Add ster-
oids when there is an immune response and that is it!

Then why do we have difficulties in treating HSV keratitis?

There are multiple mechanisms of disease after ocular HSV infection:
a. damage from live virus

b. immune and inflammatory disease

c. structural damage after HSV infection

What events take place when the herpes simplex virus enters the eye?

e Viral replication at the endpoint of the sensory nerves: skin, conjunctiva, epi-
thelium, stroma, endothelium, trabecular system, uvea, retina.

e Immune reaction:

The virus can replicate in and destroy corneal epithelial cells, but the per-
manent loss of vision associated with HSV-1 corneal infection appears to
be due to an inflammatory response in the cornea referred to as herpetic
stromal keratitis (HSK). Because HSK represents an inflammation that often
develops in the absence of replicating virus, HSK usually does not respond
to antiherpetic drugs, but can benefit from the anti-inflammatory effects of
corticosteroids.

Animal models of HSK: The mouse does develop a delayed onset corneal in-
flammation that resembles many characteristics of the recrudescent disease
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in humans.

Using congenitally nude mice that lack T lymphocytes it was established that
HSK did not develop in the absence of T lymphocytes. Nude mice could be
rendered susceptible to HSK through adoptive transfer of T lymphocytes and
the subpopulation of T cells that regulate inflammation in HSK are CD4+.
The T cell receptors on the CD4+ T cell recognize antigens that are processed,
bound to major histocompatibility (MHC) class Il molecules, and presented on
the surface of antigen presenting cells(APC).Langerhans’ cells , normally only
present at the limbus, are a very efficient APC population. After HSV infection
these Langerhans’ cells rapidly migrate into the central cornea. Depletion of
corneal Langerhans’ cells before HSV-1 infection interferes with the develop-
ment of inflammation. ( Maybe the recurrent trauma of recrudescent infection
enlarges the number of Langerhans’ cells in the central cornea which gives an
explanation of the increasing severity after multiple recurrences.)

The presence of Langerhans’ cells in the central cornea correlates with the
onset and persistence of stromal keratitis .

CD4+ T cells mediate their immunologic functions primarily through the elabo-
ration of soluble cytokines. In HSV-1 infected mice the Th1 cytokines IL-2 and
IFN —y are produced, these cytokines play a necessary role in the induction of
HSK. Neutralization of these two cytokines can cause a remission of existing HSK.
IL-10 is able to inhibit HSK.

Although HSK is regulated by T cells, polymorphonuclear neutrophils (PMN) make
up about 90% of the infiltrating cells and are probably responsible for most of the
corneal tissue destruction. After HSV corneal infection the focus of inflammation
is in the central cornea, whereas the cells that mediate the inflammation arrive
via the limbal vasculature. PMN must extravasate from the limbal vessels migrate
through avascular tissue and than be activated to maintain viability and release the
proteolytic enzymes that degrade the cornea.

Neutralization of IFN —y resulted in a rapid shutdown of extravasation of PMN
from peripheral blood vessels. IL 2 neutralization revealed that PMN continued
to extravasate but did not show evidence of directed migration into the central
cornea. In the central cornea the PMN that were involved in the inflammation un-
dergo apoptotic death when IL-2 is neutralized. Beside these effects blocking IL-2
diminished the effects of IFN- y as well.

Working model (R.L. Hendricks):

Activation of CD4+ T cells by viral antigens on the surface of Langerhans’ cells ini-
tiates a chronic inflammatory response. The activated CD4+ T cells produce IL-2
which enhances IFN-y production. The IFN-y production upregulates PECAM-1
expression on the vascular endothelium, enhancing PMN extravasation. Both IL-2
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and IFN-y appear to contribute indirectly to PMN chemotaxis , which directs the
migration of PMN toward the central cornea.

(Is the fact that the central cornea is inflamed most frequently indirect evidence
that virus plays a role in HSK? Diffusion of virus out of the subbasal plexus which
has its highest innervation in the center of the cornea?)

Once in the central cornea , IL-2 activates the PMN, maintaining their viability and
enhancing their release of proteolytic enzymes that contribute to the dissolution
of the corneal tissue.

Experimental data support the assumption that HSV stromal keratitis is an immune
attack on HSV-infected corneas with delayed type hypersensitivity directed at non-
replicating virus-encoded antigens involving cytotoxic and helper T-lymphocytes.
The source of the antigen has been debated; it may include residual viral antigen
in the corneal stroma after previous epithelial keratitis, concurrent or previous epi-
thelial keratitis, smoldering lytic HSV infection in keratocytes, or recurrence from
neuronal or keratocyte latency.

Immune stromal disease also may have an active viral process in addition to im-
munologic response (Liesegang).

Although fundamental research has elucidated parts of the pathogenesis of HSK,
the clinician is not able to define which specific mechanism plays a role at a cer-
tain time point, just by slit-lamp examination.

Can we define which mechanism plays a role just by slit-lamp examination?

1. Is there still viral replication in a longstanding dendritic lesion?

2.  What is the most important mechanism in stromal keratitis: Viral replication or
immune response?

3. There is still discussion about the disease mechanism in endotheliitis.

4. In penetrating keratoplasty conflicting situations can occur.

Furthermore: the clinical classification of herpetic eye disease has been confusing.
This is to some degree caused by the descriptive terminology we have been using
for the last decades.

Poor and imprecise description of herpetic disease can lead to wrong therapeutic
measures.

The clinical choice to be made always amounts to the distinction between

e active infection,

e animmunological reaction to viral antigen or maybe altered host antigen

e  or structural alteration resulting from viral insult
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The distinction between these three classes of events becomes critical to man-
agement decision making, since the cure of one maybe the bane of the other.

A sound understanding of each of the clinical manifestations of HSV keratitis is
important in properly treating HSV keratitis.

Classification of the disease will help to decide on the treatment regimen and
gives clinician and patient an indication which course the disease might take.
Prognosis and clinical course are different, visual outcome is dependent on proper
recognition and treatment.

Classification related to pathogenesis is crucial to therapeutic success.

Using the classification, proposed by Holland and Liesegang (1999), combined
with current concepts about underlying pathology, a treatment regimen is pro-
posed for recurrent and persistent herpetic keratitis.

The classification based on the anatomy and pathophysiology of various presen-
tations of HSV keratitis.

1. First the specific level of the cornea
a. epithelium
b. stroma
c. endothelium
2. Second the cause of the disease
a. infectious
b. immunologic

There are four major categories of HSV keratitis:

1. Infectious epithelial keratitis - active viral replication
2. Stromal keratitis
a. immune stromal keratitis = primarily immunologic, possible viral
replication or sequestered viral antigens
b. necrotizing stromal keratitis = active viral replication combined
with severe immune reaction

3. Endotheliitis = immunologic, with a possible
infectious component
4. Neurotrophic keratitis - multifactorial, no viral replication, no

primary immune reaction.
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General therapeutic considerations:
Possible antivirals:

Topical
1. acyclovir ointment 3% 5id
2. trifluridine 1% solution 9id ----- > 5id

Oral antiviral therapy

tissue absorption is excellent with a tear and aqueous concentration of acy-
clovir that is 20-40 times the therapeutic dose at 400mg orally five times a day.

therapeutic dose:
1. acyclovir 400mg 3id—5id
2. Famciclovir 250mg 3id
3. Valacyclovir 1000mg bid —3id

prophylactic dose:
1. Acyclovir 400mg bid
2. Valacyclovir 500mg bid

1. Infectious epithelial keratitis:
Clinical findings:

e Live virus in epithelium; examination of the anterior stroma beneath the epithelial
dendrite may reveal stromal haze which may represent diffusion of viral particles or

e Mild immune response in the superficial stroma
Epithelium: Corneal vesicles
Dendritic ulcers
Geographic ulcers
Marginal ulcers
Stroma: Ghost scars

Will heal without scarring within 14-21 days.
Frequent recurrence leads to stromal scarring or thinning that will reduce visual
acuity. The frequency of past attack appears to be predictive of future attacks.
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Therapy:

Acute disease:
a. Gentle debridement and when possible viral culture.
b. Antiviral therapy: full dose topical or oral therapy therapeutic dose.
c. steroids are contraindicated in pure epithelial infections: worsening of
ulceration and prolong the infectious phase. Steroids will suppress the
first influx of polymorphonuclear cells which helps clearing the virus.

Prevention of recurrence in pure epithelial disease: in a recurrence rate of 3/year:
prophylactic dose.

2. Stromal keratitis

Stromal disease may occur through a variety of mechanisms, which probably form
a continuum of overlapping disease patterns. One mechanism does not exclude
the other.

1. Primarily stromal involvement:
e |Immune stromal keratitis
e Necrotizing stromal keratitis

2. Secondary after
e  epithelial keratitis
e trophic keratitis
e endotheliitis

Treatment should be directed to the origin of inflammation
a. Immune stromal keratitis
Clinical findings:
e Live virus?, or sequestered viral antigen

e T-cell mediated immune response

Recurrence of stromal inflammation takes a more severe course. Conform the
delayed type hypersensitivity reaction.
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Epithelium: Overlying epithelium mostly intact.

Stroma: Infiltrate - combination of cellular infiltrate
(mainly T-cells and PMN’s) and edema
as asquel of inflammation no endothelial
dysfunction

Immune ring - might represent antigen-antibody-
complement immune complexes
(= Wessely Ring), analogous to an
Ouchterlony zone in agar plates.
The ring like shape is the hall-mark of
local antigen production in the presence
of an already immunized patient

Scarring >
Thinning -

Neovascularization=> at any level in the cornea, lipid
deposition as a result of longstanding
leaking neovascularization

Therapy:

Antiviral therapy: topical
1. Acyclovir ointment 3% 5id
2. Trifluridine 1% solution 9id ----- > 5id

Systemic:

In chronic cases oral acyclovir can avoid surface toxicity of topical
antiviral agents used prophylactically during steroid treatment.

Oral antiviral therapy is ineffective in acute stromal disease, al-
though visual acuity improved over 6 months in significantly more
patients when treated with oral acyclovir. Oral acyclovir is useful as
a year course to prevent recurrences. However in the setting of HSV
keratouveitis the addition of oral acyclovir appeared to be beneficial
but the results were not statistically significant.
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Steroids:

If steroids have never been previously used in the eye one
should try to do withheld them as the process may burn
itself out spontaneously. However when the inflammation
progresses steroids should be given.

Indication for topical steroids:

1.

2.
3.
4

the visual axis is threatened

severe stromal inflammation

active neovascularization

steroids have been used previously

Steroid dosage range:
Very severe infiltration: prednisolon 1% or dexamethason 0.1% 8id
Mild recurrence: prednisolon 0.125% 2-3id

Steroid tapering:
start when edema and hyperemia are resolving.
Too rapid steroid taper or cessation of treatment may be accom-
panied by recrudescence of disease: slow taper with reductions of
no less than 50% of current steroid dosage.( dose reduction or fre-
quency reduction)
concomitant antiviral therapy should be continued until dose is
< prednisolon 1% 1 daily = dexamethason 0.1% bid

The Vascularisation may regress to leave ghost vessels
Theclinical course of ISKis chronic, recurrent inflammation that can persist for years.

b. Necrotizing keratitis

Clinical findings: Necrosis, ulceration and dense infiltration.
e \iral invasion of stroma
e  Severe immune reaction

The replicating virus and the severe host inflammatory response lead to de-
structive intra-stromal inflammation, progressive thinning of the cornea and
may lead to perforation within a short period of time.
Clinical findings may resemble severe bacterial ulcer.
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Epithelium: With or without epithelial defect. The epithelium may break
down over the stromal abscess with edema, ulceration and
stromal neovascularization.

Stroma: Necrosis
Ulceration
Gray or white dense infiltration, diffuse or localized abscesses
Edema
Neovascularization

Endothelium:  Keratic precipitates

Uvea: Severe iritis with synechiae, hypopion
Secondary glaucoma

Therapy:

Antiviral therapy: control of the infectious process should precede
attempts to modulate the immune response. Topical (and
probably oral) antiviral therapy should be administered at
least 2 days before steroid treatment is started.

topical combined with oral antivirals:
topical

1. acyclovir ointment 3% 5id

2. ftrifluridine 1% solution 9id ----- > 5id

oral
acyclovir 400 mg tid -5id
2. Famciclovir 250mg tid
3. Valacyclovir 1000mg bid

—_

3. Endotheliitis

Clinical findings: Corneal stromal edema without stromal infiltration: Keratic precipi-
tates underlying the stromal and epithelial edema and anterior chamber inflammation.
e Immune reaction on infected endothelium
e Live virus?, Viral antigens?
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Endothelium:

Stroma:

Epithelium:

Uvea:

Keratic precipitates
e Disciform

e Linear

e Diffuse

Secondary edema

No infiltration

No neovascularization

chronic phase: Scarring
secondary neovascularization
permanent endothelial decompensation

normal, chagrin, bulla

Iritis

Secondary elevated eye pressure

Therapy:

HSV trabeculitis can be considered as a peripheral endotheliitis or limbitis. It
presents with sectorial or circumferential redness and an elevated eye pres-

Primary trabeculitits
Inflammatory cells blocking aqueous outflow

sure. Topical steroids decrease the eye pressure quickly.

4. Trophic keratopathy

Oval shaped, thickened grayish borders with loose epithelium, the area of epithe-

lial defect often reveals a subtle haziness to the anterior stroma.
e |mpaired innervation
e Damaged epithelial basement membrane
e Decreased tear secretion
e  Stromal inflammation
e Exacerbation by: toxicity from topical medication

Topical drug toxicity may occur with prolonged treatment of topical
antivirals and may be confused with the disease itself. Gentamycin,

Acyclovir.
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Epithelium: punctate epithelial erosions
epitheliopathy
Persistent epithelial defect

Stroma: Inflammation
Melting
Scarring

Complications of trophic keratopathy:
e  Stromal scarring
e Neovascularization
e Necrosis
e  Perforation
e Secondary bacterial infection

Therapy:

No stromal loss:
e [ubrication with artificial tears or autologous serum
e Therapeutic soft contact lens with antibiotic prophylaxis
e Discontinue toxic topical medication (acyclovir, gentamycin)

Preservative free medication
e When in doubt about viral replication or in settings of surface toxicity :
start oral acyclovir 400 3-5id
e Low strength topical steroids prednisolon 0.125% 2-3id in stromal in-
flammation.
e  Future therapy: compounds as Substance F, Growth factors

Corneal melting:

Combine the above mentioned therapy with:
e Cyanoacrylate tissue adhesive or
e Amnion transplant
e (Conjunctival flap)
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L. Remeijer

Corneal and external diseases
The Rotterdam Eye Hospital
l.remeijer@planet.nl
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Fungal and chlamydial infections

| Philippe Kestelyn , Belgium |

Fungal keratitis
Introduction

Fungal keratitis is caused by yeast (e.g. Candida) or molds (filamentary fungi).
Yeasts grow as creamy, opaque pasty colonies on culture media. Molds exhibit
feathery or powdery growth on the surface of culture media (Aspergillus, Fusarium).

Epidemiology

Fungal keratitis was first described by Leber in 1879, a case of Aspergillus. In the in-
dustrialized world fungal keratitis is rather uncommon, but is one of the major causes of
keratitis in tropical areas of the world. The incidence varies according to the geographi-
cal location: in temperate regions yeasts will prevail, whereas in the tropics Aspergil-
lus and Fusarium are more common. The incidence of fungal keratitis is on the rise
over the past 30 years for several reasons: widespread use of antibiotics; increased
prevalence of immune suppressed patients; better isolation techniques; and use of
multipurpose no-rub contact lens solutions. A recent outbreak of Fusarium keratitis
was reported in the USA, in Singapore, and in Europe (U.K., Belgium, and France),
probably related to the use of no-rub multipurpose products (BL ReNu Moisture Lock).

Pathophysiology

Fungi gain access into the corneal stroma through a defect in the epithelium. The
organisms can penetrate intact descemet membrane, proliferate in the anterior
chamber and spread to the posterior segment causing fungal endophthalmitis.

Risk factors
e corneal trauma with vegetable material (plant or soil matter)
e corneal trauma related to contact lens wear
- therapeutic lenses (candida)
- refractive lens wear (fusarium)
e topical steroids (but also systemic steroids)
e corneal surgery (PKP, RK)
e  chronic keratitis (HSV, HZV, VKC)
e immunosuppressive disease
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Clinical presentation

A fungal keratitis shows fewer inflammatory signs and symptoms during the initial
period than a bacterial keratitis. As the keratitis progresses, intense suppuration
may develop and the lesions may resemble bacterial keratitis. At this point rapidly
progressive hypopion and anterior chamber inflammatory membranes will appear.
If untreated extension in to the anterior chamber will occur and the fungus may
invade the iris or the posterior chamber!

The clinical picture is different according to the causative organism. Filamentous
fungal keratitis often follows corneal trauma. The lesion presents as a gray-white,
dry-appearing infiltrate that may appear elevated. It has irregular feathery of fil-
amentous margins with occasionally multifocal or satellite infiltrates. The initial
break in the epithelium may have healed so that a deep stromal infiltrate is ob-
served in the presence of an intact epithelium. Endothelial plaque and/or hypopion
formation may also occur if the infiltrates are sufficiently deep or large.

The picture is somewhat different in yeast fungal keratitis. Here the normal micro-
flora invades a preexisting epithelial defect. Most cases tend to remain superficial
and present as superficial white raised colonies in a structurally altered eye. Occa-
sionally deep invasion may occur with suppuration resembling bacterial keratitis.

In summary the most important clues to the diagnosis of fungal keratitis are the
protracted time course, the discrepancy between the infiltrate and the level of
inflammation, the presence of a plaque against the endothelium, the shape of the
hypopion, and the association of intact epithelium over a deep infiltrate. When
in doubt, confocal microscopy may be a useful technique. Confocal microscopy
is a non-invasive, high resolution technique which allows rapid detection of fun-
gal hyphae in the cornea long before laboratory cultures give conclusive results.
If performed by an experienced observer a sensitivity of 50% and a somewhat
higher specificity are obtained.

Laboratory examinations

Smears, culture, histopathology and PCR are all potential techniques to consoli-
date the clinical suspicion. Smears with conventional staining have a sensitivity of
about 50% to 80%.

Drawbacks of conventional stains include the frequent presence of background
artifacts with potassium hydroxide (KOH), the weak staining (yeast) and interfer-
ence with background staining for the Gram stain, and the need for an expensive
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fluorescence microscope for calcofluor white staining. Therefor there is a need for
a new staining technique that is rapid, easy to perform, highly sensitive and spe-
cific, and that can be done with a routine microscope.

[chlorazol black E mounts? very rapid (30 secs), not as sensitive as gram or lac-
tophenol staining, more specific].

Culture is performed on Sabouraud and blood agar at 25°C. Most fungi can be
isolated within 48-96h of incubation, but at least 25% require an incubation period
of up to three weeks.

Histopathology a corneal biopsy can be considered when corneal smears and cul-
tures are negative at 48-72 hours, in a patient who is strongly suspected of having
a fungal infection or who is not improving on the initial, broad-spectrum antibac-
terial therapy. PAS and Grocott are classic stains for histopathology specimens.
Fungal specific antibodies may be used as well.

PCR detects microbial DNA in the majority of fungal corneal ulcers and identifies po-
tentially pathogenic organisms in a high proportion of culture-negative cases. The yield
and concordance with culture are higher for fungal than bacterial ulcers. Unfortunately,
there is a very high rate of false positives for apparently nonpathogenic organisms.

Treatment

The most important antifungal agents are the polyene and the azole components:
e polyenes

- amphotericine B 0,15% (Candida)

- natamycine 5% (only commercially available drop)

e azoles
- econazole 2%
- voriconazole 1% (Fusarium)

Different routes of administration have been tried:

e topical
- hourly
- with frequent (every other day) debridement of the epithelial layer
e intracamerular
e subconjunctival
e intrastromal injection
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Surgical therapy is an option when medical treatment fails. If the infection extends
into the anterior chamber under therapy, debulk with early PKP (use of UBM/
visante OCT), remove and culture or perform pathology of all infected tissue. Rinse
the anterior chamber and clean the instruments. Interrupted sutures are recom-
mended. The postoperative management should include topical and systemic an-
tifungals, cyclosporin A and no steroids in the immediate postoperative period,
until adequate control of infection is assured.

Adult inclusion conjunctivitis
Introduction

The chlamydiae are nonmotile, gram-negative bacteria that are metabolically defi-
cient in their ability to synthesize ATP. Their dependency on an exogenous source
of energy explains their obligate intracellular life cycle. Chlamydiae undergo a bi-
phasic development cycle, forming distinctive intracellular inclusions that permit
identification by light or fluorescence microscopy.

The genus Chlamydia is composed of four species: Chlamydia trachomatis,
Chlamydia pneumoniae, Chlamydia psittaci, and Chlamydia pecorum. The differ-
ent serovariants or “serovars” of Chlamydia trachomatis are responsible for the
following diseases: serovars A, B, Ba, and C cause trachoma, a chronic and po-
tentially blinding keratoconjunctivitis endemic in many developing countries where
poverty goes along with deficient sanitation and poor hygiene; serovars D to K are
the cause of one of the most common sexually transmitted diseases worldwide
and both adult and neonatal inclusion conjunctivitis arise from transfer of bacteria
from the genitalia to the eye; serovars L1, L2, and L3 are the etiological agent in
venereal lymphogranulomatosis. The observation under the microscope of inclu-
sion bodies in conjunctival cells infected with Chlamydiae explains the term inclu-
sion conjunctivitis (18 19),

Epidemiology

Adult inclusion conjunctivitis is due to Chlamydia trachomatis serovars D, E, F,
G, H, I, J, and K. The bacterial reservoir is the genital tract of the sexually active
adult. Urogenital chlamydiosis is the most common STD in the developed world
and accounts for approximately 3 million new cases each year in the United States
®. The highest prevalence is found in young, sexually active adults. The disease
accounts for 40% to 50% of all cases of non-gonococcal urethritis in men (19,
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According to the WHO chlamydial prevalence rates in pregnant women range from
2.7% to 8% in Europe @4,

Fifty to 70% of genital infections are asymptomatic and less than 10% of preva-
lent cases are diagnosed ©%2"). The genital infection causes urethritis, cervicitis,
endometritis, salpingitis, and perihepatitis in women and is a major cause of steril-
ity. In men it causes balanitis, urethritis, prostatitis, and epididymitis ©@. The rising
prevalence of chlamydial infection and its association with an increased risk of
cervical cancer, sterility and acquisition of HIV brings up the question whether a
comprehensive European-wide screening policy is needed (19,

Transmission to the eye occurs in the vast majority by autoinoculation with in-
fected genital secretions from either the patient or his partner. Direct infection from
the eye of one patient to the eye of another is possible but uncommon and could
account for the small number of affected patients without concomitant genital dis-
ease. Indirect infection from inadequately disinfected swimming pools and from
contact with contaminated inert surfaces has been described but is rare @3 1119,

Clinical picture

The incubation period of adult inclusion conjunctivitis varies from 2 days to 3
weeks. It starts as a unilateral, papillary conjunctivitis with mucopurulent secre-
tions and a swelling of the ipsilateral premandibular lymph glands. Later on typi-
cal follicules will develop on the upper and the lower tarsal plate. Swelling and
infiltration of the subconjunctival tissue may obscure the vertical vessels of the
upper tarsal plate mimicking the classic picture of inflammatory trachoma at this
stage (- 9. Pseudomembrane formation seen in neonatal inclusion conjunctivitis is
not seen in the adult form. Involvement of the second eye may ensue, but is not
always present.

Corneal involvement includes discrete pannus formation, superficial punctate
keratopathy, and more seldom marginal infiltrates ). Frank corneal neo-vascular-
isation and conjunctival scarring typical of trachomatous keratoconjunctivitis are
not observed in adult inclusion conjunctivitis.

The initial phase of acute infection is often missed and most patients will present
with a chronic red eye. They will complain of mucopurulent secretions and sticky
eyes in the morning, a foreign body sensation and photophobia. Inspection at this
stage will show a papillary and follicular conjunctival reaction, eventually discrete
corneal changes, but the inflammatory swelling of the subconjunctival tissue will
no longer be present @.
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The differential diagnosis of adult inclusion conjunctivitis is in the first place the
differential diagnosis of chronic follicular conjunctivitis and should include the fol-
lowing entities: classic trachoma, adenoviral epidemic keratoconjunctivitis, her-
pes, Newcastle disease virus conjunctivitis, chronic allergic conjunctivitis, acnea
rosacea and chronic blepharitis, and even floppy eyelid syndrome (19,

Laboratory diagnosis

The clinical diagnosis of adult inclusion conjunctivitis may be difficult and there-
fore identifying chlamydiae in conjunctival scrapings or direct diagnosis may be
very useful. Because chlamydiae are obligate intracellular pathogen, the scraping
should include infected cells. Therefore, specimens that contain only exudate or
secretions but no cells are unsatisfactory. For conjunctival specimens any purulent
exudate should be removed before collecting epithelial cells by vigorously rubbing
a dry swab over the everted palpebral conjunctiva. The specimen is then trans-
ferred to a transport medium that makes it possible to perform both culture and
DNA amplification techniques from a single swab. The lilelyhood of isolation is op-
timized if specimens are refrigerated immediately after collection at 2 to 8° Celsius
and kept at this temperature during transport. The delay between collection and
laboratory processing should be less than 48 hours. Specimens that cannot be
processed within 48 hours may be frozen at — 70° Celsius, but this is likely to result
in a20% loss of viability. Freezing at — 20° Celsius should be avoided altogether @,

The following laboratory methods are available to identify chlamydial infection:

1. Culture methods

2. Nonculture methods
a. Direct cytologic examinaton to identify inclusion bodies by staining methods
b. Identification of chlamydial antigen
c. nucleic acid amplification techniques (NAATs)

3. Serologic tests.

Culture methods

Culture methods on viable cells used to be the gold standard for the diagnosis
of chlamydial infection. They have lost this status with the advent of nuclear acid
amplification techniques or NAATs during the last decade because of their relative
insensitivity: culture methods have a specificity that approaches 100% , but their
sensitivity is only 70 to 85% in comparison with NAAT’s (cfr. infra). Other disad-
vantages of culture techniques include the requirement for a stringent cold chain
for transportation of specimens, high cost, high level of technical expertise and a
time delay to obtain results from 3 to 7 days.
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Nonculture methods

a. Staining of conjunctival scrapings with Giemsa to demonstrate typical
chlamydial inclusion bodies is not recommended for the diagnosis of adult
inclusion conjunctivitis due to its lack of sensitivity 7). Moreover, recognition
of chlamydial inclusions requires considerable expertise.

b. Antigen detection methods include the DFA test based on direct visualiza-
tion of the chlamydial organism by staining with fluorescein-labeled specific
antibody, the EIA test based on immunochemical detection of antigen, and
the DNA hybridization probe to detect chlamydial rRNA. All these tests are
commercially available and commonly used (Microtrak DFA, Behring Diag-
nostics; Chlamydiazyme, Abbott Diagnostics; Microtrak EIA, Behring; PACE
2, Gen-Probe).

c. The development of NAATs has been the major advance in the field of chlamy-
dial diagnosis in the last decade. A number of commercial tests are available:
polymerase chain reaction or PCR tests (Amplicor, Roche Diagnosts), strand
displacement amplification (SDA, Becton Dickinson), and ligase chain reac-
tion (LCR, Abbott Laboratories). They all combine exquisite sensitivity with
very high specificity and are considered the new gold standard in the diagno-
sis of chlamydial disease (2,

Serologic tests

Serologic tests are general not useful in the diagnosis of genital tract infection
caused by Chlamydia trachomatis. Antibodies elicited by infection are long lived
and a positive titer will not distinguish a previous from a current infection. The
presence of IgM is an unreliable marker of acute infection since it is often not
present. The presence of antichlamydial IgG in tears might be helpful for diagnosis
in patients with suspected chlamydial conjunctivitis, since IgG seems to be absent
in tears from patients with only urethritis ©.

Treatment

Since adult inclusion conjunctivitis results from autoinfection in patients with
genital disease in the vast majority of cases, systemic treatment is mandatory
to prevent extraocular morbidity and ocular reinfection. The classic treatment in-
cludes oral doxycycline, 100 mg twice a day for one week; or in pregnant women
erythromycin, 500 mg four times a day for one week. Azythromycin, 1 g as a
single dose is equally effective, more patient friendly, but more expensive (4. Oral
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fluoroquinolones are also effective agents against C. trachomatis. Screening and
treatment of infected sexual partners of the patients as well as counseling about
safe sex should be part of the comprehensive care ©.

The CDC does not recommend routine test-of-cure visits during the post treat-
ment period. If for some reason a test-of-cure seems indicated, only culture meth-
ods should be used. NAATs are less useful for this indication as they may pick up
residual DNA in the early post treatment period in patients whose infection has
been cured @.

Summary for the clinician

- urogenital chlamydiosis due to C. trachomatis serovars D-K is the most fre-
quent STD in the industrialized world

- although often asymptomatic, it is responsible for significant morbidity

- adult inclusion conjunctivitis arises from transfer of bacteria from the genitalia
to the eye (autoinoculation)

- the prevailing clinical presentation is that of a chronic red eye with a moderate
amount of mucopurulent secretions

- the differential diagnosis includes the different causes of follicular and chronic
conjunctivitis, uni- or bilateral

- the clinical suspicion is confirmed by laboratory methods

- nucleic acid amplification tests have the highest sensitivity and specificity and
have supplanted culture methods as the gold standard

- systemic administration of doxycycline, erythromycin, azythromycin or fluoro-
quinolones is the treatment of choice

- sexual partners of the patient should be screened as well

- counseling about safe sex should be provided to the patient and his partners
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Trachoma

Trachoma is the second or the third most important cause of blindness in the
world (either before or after glaucoma). According to WHO estimates 150 million
people are infected and 5.5 million people are blinded by this disease. Blinding
trachoma is the end result of repetitive infections that cause scarring of the tarsal
plate and trichiasis which predisposes the corneal surface to micro-erosions and
subsequent bacterial superinfections.

Risk factors for the disease:

- lack of personal hygiene

- absence of pit latrines

- keeping cattle in the immediate vicinity of the house
- crowding

- presence of waste and feces in the open air

All these factors will attract flies that feed on the nasal secretions and the tears
of children and carry the infection from one person to the other. Children will get
the infection at an early age and will reinfect the adults taking care of them, mainly
women (mother, grandmother, elder sister). Reinfection of the adults creates a cy-
cle of repetitive infections leading to chronic inflammation of the tarsal plate. This
chronic inflammation will cause scarring and contraction of the inner lamellae of
the tarsal plate. Inward bowing of the upper eyelid causes trichiasis: the cilia of the
upper eyelid will rub against the corneal surface. Chronic rubbing of the cilia will
cause micro-erosions and subsequent bacterial superinfections. The cornea will
gradually become opaque and vascularized as a result of the repetitive infections.

Simplified WHO classification of trachoma
The WHO has proposed a simplified classification of trachoma that is useful for

the diagnosis and the staging of the individual patient. Moreover it is a useful tool
to assess the importance and the dynamics of the disease in the community.
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At least 5 follicles on the flat surface of the upper tarsal plate

Inflammatory thickening of the tarsal conjunctiva that obscures at least
half of the normal deep tarsal vessels

Citracial trachoma, presence of fine white lines in the tarsal conjunctiva

At least one eyelash rubs on the eyeball

Opacity of the cornea extending over part of the pupil

Screening of a population for trachoma with the aid of this grading system allows
the following conclusions:

the number of individuals with TF is a measure for the incidence (early infec-
tion = new cases)

the number of individuals with Tl is a measure for the prevalence of active
disease; both TF and Tl individuals need antibiotic treatment

the number of individuals with TT is a measure for the magnitude of the popu-
lation at risk of becoming blind; trichiasis surgery should be made available
to this group

the number of individuals with CO is a measure for the importance of tra-
choma as a blinding disease in that particular community

Differential diagnosis:

- with vernal keratoconjunctivitis
with ocular pemphigoid
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Medical treatment (TF and TI)

e  Tetracycline ointment BID for 6 weeks

e Azythromycine eyedrops BID for 3 days

e Doxycycline 100 mg per day for 3 weeks

e Tetracycline 250 mg QID for 3 weeks

e Azythromycine 1G as a single dose treatment

Surgical treatment

e Epilation

e Electrolysis

e  Cryoablation

e Trichiasis surgery (bilamelllar tarsal rotation procedure)
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Role of inflammation in ocular
surface disease

| Dana Reza , United States |

. Overview of Immunity

a. Innate Immunity
i. Rapid response
i. No memory
iii. No gene rearrangement
iv. Effectors: macrophages, neutrophils, NK cells

b. Adaptive immunity
i. iSlower to generate
i. Involves memory
iii. Antigen-specific
iv. Effectors: T cells

II. Common corneal and ocular surface immuno-
inflammatory disorders

a. Ocular Allergy
i.  Clinical presentation
ii. Principal target tissue: conjunctiva
iii. Immunopathogenesis
1. Mast cells
2. Eosinophils
3. T helper 2 responses

b. Dry eyes
i.  Clinical presentation
ii. Principal target tissues: cornea and conjunctiva
iii. Immunopathogenesis
1. Role of corneal monocytes
2. Induction of Th1 and Th17 effectors
3. Role of T regulatory cells
4. T cell homing and role of CC chemokines

EUPO Course 2009 | Page 151




c. Transplant rejection
i.  Early involvement of innate responses and role of limbal vasculature
i. Maturation of corneal antigen-presenting cells (APC)
iii. Trafficking of APC to lymphoid organs through lymphatics
iv. Activation of T cells

d. Angiogenesis
i. Blood vs lymphatic vessels
i. Role ininflammation: Induction versus expression of immunity
iii. Anti-angiogenic treatments in eye disease

Reza Dana, MD, MPH, MSc

Director of Cornea & Refrative Surgery Service, Mass Eye & Ear Infirmary
Harvard Department of Ophthalmology

reza_dana@hotmail.com
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Tumors of conjunctiva and cornea

| Stefan Seregard , Sweden |

Tumours include neoplasia and reactive mass-like lesions. Neoplastic lesions may
be benign or malignant. Malignant lesions are characterized by the capacity to in-
vade basement membranes and the potential to generate metastasis. Metastatic
disease are caused by cells invading lymphatic vessels or blood vessels, surviving
in the circulation and then attaching and extravasating at a distant site. For this
reason, lesions which are confined to the epithelium (i.e. without signs of break of
basement membrane invasion) do not have the capacity to generate metastatic
spread. Such lesions are typically referred to as carcinoma-in-situ or melanoma-
in-situ. Nearly all tumour-like lesions of the cornea and conjunctiva actually derive
from the conjunctiva, and any corneal location is usually caused by secondary
tumour invasion.

The tumours of the cornea and conjunctiva may for practical reasons be divid-
ed into melanocytic and non-melanocytic lesions. Most melanocytic lesions are
pigmented, but a substantial proportion (e.g. approximately 30% of conjunctival
naevi are non-pigmented). Similarly, non-melanocytic lesions may show pigmen-
tation (e.g. squamous cell carcinoma of the conjunctiva presenting in individuals
with heavy skin pigmentation.

Melanocytic lesions of the conjunctiva arise from melanocytes typically lodged
in the basal part of the conjunctival epithelium or sometimes in the conjunctival
stroma. The most common lesion is the acquired conjunctival naevus, typically
presenting as a thin, pigmented or non-pigmented lesion in the limbal or juxtal-
imbal region. This lesion rarely undergoes malignant transformation to malignant
melanoma, but may be excised for cosmetic reasons.

Individuals with abundant skin pigmentation often features bilateral and symmetri-
cal conjunctival pigmentation of the limbal region. This is a normal variant refered
to as ethnic or racial melanosis and should not be confused with primary acquired
melanosis (PAM). The PAM typically features a unilateral flat pigmentation without
cysts. The borders are not sharply defined and lesions may have satellites or be
multifocal. Up to 50% of PAM featuring cytological atypia progresses into malig-
nant melanoma. In contrast, PAM without atypia have a very small risk (if any) for
malignant transformation. To assess the presence of atypia, biopsy of the con-
junctival lesion is usually required even though cytological sampling by exfoliative
smears are advocated by some authors.
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Malignant melanoma is a very rare tumour typically occurring in the limbal or jux-
talimal region of middle-aged or elderly individuals. Sometimes, a melanoma may
arise from the tarsal, forniceal or caruncular conjunctiva. Thus, a complete exami-
nation of the entire conjunctival sac including the tarsal conjunctiva is warranted
in patients evaluated for conjunctival malignant disease. Treatment of malignant
melanoma of the conjunctiva is usually surgical taking care to provide adequate
surgical margins. Large conjunctival defects may be covered by amniotic mem-
brane grafts. Adjunctive treatment may include cryotherapy, topical chemothera-
py (using mitomycin) or brachytherapy. Primary orbital exenteration has not been
shown to improve survival, but exenteration may sometimes be required to control
local disease. Metastatic disease appears in some 30% of patients usually con-
fined to the ipsilateral regional lymph nodes or salivary glands (in particular the
ipsilateral parotid gland). Lymph nodes may be monitored by simple palpation
or imaging by ultrasound. Any lymph node suspected of harbouring metastatic
disease may be surgically excised or studied by cytology after sampling using a
fine-needle aspiration biopsy. Confirmed spread to the lymph nodes may be man-
aged by radical neck dissection. Later in the course of disease, systemic spread
to distant sites may occur. Patients with malignant melanoma of the conjunctiva or
PAM with atypia should probably have period ophthalmic follow-up for life.

Non-melanocytic lesions of the conjunctiva include a wide variety of neoplastic
and reactive mass-like lesions. Conjunctival intraepithelial neoplasia (CIN) typi-
cally occurs in the limbal region of elderly patients and tend to encroach onto the
cornea. Once referred to as Bowen’s disease this in-situ carcinoma has tradition-
ally been managed surgically. Local recurrence is common but recently excellent
results have been reported using topical chemotherapy (5-fluorouracil or mito-
mycin). The CIN rarely progress to invasive squamous cell carcinoma, but once
this has happened the lesion carry a potential to seed metastases, usually to the
ipsilateral regional lymph nodes. The carcinomas of the conjunctiva also include
the rare, but highly aggressive mucoepidermoid carcinoma and the poorly differ-
entiated spindle cell carcinoma. Rarely, neoplastic disease secondarily invade the
conjunctiva from the neighbouring skin or adnexal structures.

Reactive, and usually non-pigmented, mass-like lesions include the fleshy, heavily
vascularized so-called pyogenic granuloma (often occurring at the site of previous
surgery or chalazion), the limbal dermoid (actually a choristomatous type of lesion;
i.e. a congenital lesion composed normal cells not normally present at the loca-
tion), conjunctival papilloma, and lymphangieectasia.

In summary, the conjunctiva and cornea is the site of origin for a wide variety of
neoplastic and reactive mass-like lesions. Some of these lesions may masquerade
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as others, but it is important to make a correct diagnosis as some lesions are
associated with systemic spread and even may cause death in disseminated dis-
ease. The majority of lesions are, however, benign. Management depends on the
specific type of lesion encountered and is typically surgical, even though a number
of adjunctive therapies like cryotherapy, topical chemotherapy and brachytherapy
are available. New techniques like sentinel lymph node biopsy may be helpful to
diagnose malignant lesions with early metastatic spread.

Classification of some epidermal and stromal tumours of the conjunctiva

Non-melanocytic Benign lesions Squamous papilloma
Keratoacanthoma
Pyogenic granuloma
Oncocytoma
Lymphocytic hyperplasia
Lymphangiectasia
Lymphangioma

Premalignant Actinic keratosis
Conjunctival intraepitelial neoplasia

Malignant Squamous cell carcinoma
Mucoepidermid carcinoma
Lymphoma
Kaposi sarcoma

Melanocytic Benign Junctional naevus
Compound naevus
Intrastromal naevus
PAM without atypia

Premalignant PAM with atypia

Malignant Melanoma

Stefan Seregard

St. Eriks Hospital and Kaolinska Institute
Stockholm, Sweden
stefan.seregard@sankterik.se
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Dry eye and clinical disease of tear film,
diagnosis and management

| Christoffe Baudouin , France |

New mechanistic schemas and definitions of dry eye disease (DED) have been
recently proposed, in order to complete the classic etiological approach and
provide a better understanding of this complex pathology. Inflammation, ocular
surface damage, visual impairment and hyperosmolarity are now considered as
key factors influencing pathogenesis of DED and patient complaint. Two levels of
ocular surface impairment can be proposed, with standard etiologies, previously
validated in the NEI/Industry workshop, being not independent diseases but risk
factors and/or ways to enter a self-stimulated biological process involving the
ocular surface.

Tear film instability or hyposecretion can be considered as the central key point of
DED. They will cause local or diffuse hyperosmolarity of the tear film and therefore
of superficial epithelial cells of cornea and/or conjunctiva, stimulating epithelial cells
and resident inflammatory cells. Cell damage that will result at levels of cornea and
conjunctiva, by mean of apoptosis, direct mechanical and/or osmotic stress, will
stimulate the reflex neurosensory arc, stimulating lacrimal gland and neurogenic
inflammation, with inflammatory cytokine release, MMP activation and inflammatory
involvement of the conjunctival epithelium. Goblet cell loss is thus directly related to
chronic inflammation and surface cell apoptosis subsequent to cell hyperosmolarity
and chronic damage, resulting in further tear film instability/imbalance.

This mechanistic approach proposes a synthetic combination of mechanisms pre-
viously validated in an independent way, with two levels of ocular surface impair-
ment, a first level including many possible acute or chronic causes that favor or
trigger the disequilibrium, and can be reversible if correctly and specifically man-
aged when possible, and the further involvement of a series of biological cascades
centered by tear film imbalance and inflammatory stimulation, finally acting as an
independent vicious circle, whatever the way(s) the patient entered the loop.

This proposed schema should be considered as a basis for further reflection on
biological mechanisms that could be even more complex but individually consti-
tute potential tracks for targeting therapeutic strategies in order to allow patients
to leave the loop even though the triggering factor(s) are still present or can only
be attenuated, such as in Sjogren syndrome or ocular rosacea. This approach as
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well as new definitions, pathogenesis and therapeutic targets will be described
and discussed. Anti-inflammatory and immunomodulating agents are now the ba-
sis for mechanistic treatments. The deleterious role of preservatives is also rec-
ognized and treating associated diseases, such as rosacea or meibomian gland
dysfunction, may be helpful for treating more efficiently dye eyes.

Christophe Baudouin, MD, PhD

Professor and Chair of Ophthalmology
Department of Ophthalmology Il

Quinze-Vingts National Ophthalmology Hospital
Paris, France

chrbaudouin@aol.com

EUPO Course 2009 | Page 158




Present role of surface ablation & PTK

| Timo Tervo , Finland |

Timo M.T. Tervo, MD, PhD and Waldir Neira, MD
1. Introduction

First refractive surgical procedures were performed about 100 years ago, but the
fastest development in this field has taken place in the last 25 years' with the
development of excimer laser as an instrument for refractive surgery. Thus, the
number of refractive cor-rections performed has rapidly increased and today sev-
eral million procedures are per-formed annually worldwide. A good understand-
ing of biomechanical changes in the cor-nea:> 3 the interaction between the cor-
neal tissue and appropriate laser energy,* and more importantly, the processes of
wound healing related to the laser wounds are man-datory for providing satisfac-
tory results.5”

The photoablative process can be divided into surface photoablation and lamellar
cor-neal surgery after formation of an epitheliostromal flap.

Photorefractive keratectomy (PRK) is the most common for reshaping the superfi-
cial stroma. Various types of corneal epithelial removal are used to perform it. The
most fre-quent technique is to remove the corneal epithelium with a sharp blade
or blunt spatula (mechanical debridment). Alternatively the epithelium can be re-
moved by the excimer laser itself (transepithelial ablation). The absence of epi-
thelium has been thought to in-duce more epithelio-stromal cytokine interaction,
which may translate into scar (haze) formation during the course of wound heal-
ing.8 Attempts to return the epithelium on top of the stromal wound have led to al-
ternative techniques for “en bloc” epithelial removal. These include the application
of diluted alcohol suspension on the corneal surface to “harden” and then loosen
the epithelium, knowing as Laser-Assisted SubEpithelial Kera-tomileusis (LASEK).®
More recently techniques utilizing a mechanical microkeratome with a customized
blade design have been introduced. This procedure is called Epi-LASIK.'® The mi-
crokeratome has also been used as an advanced epithelial scraper for PRK.

On the other hand, Laser in-situ keratomileusis (LASIK) -stromal ablation- has be-
come the most popular form of refractive surgery. The photoablation is performed
deeper (90 to 180 pm under the surface) in the stroma after the creation of a
lamellar flap'" formed with a mechanical microkeratome or a femtosecond laser.
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Clinical haze has not been reported in long-term LASIK studies although some
microscopically haze may be present.'?

Different advantages and disadvantages of the surface photoablation and intrastro-
mal surgery should be considered when selecting the right procedure for the patient.

2. Refractive results

Twelve year long-term follow-up (up to -7.00 D) study after PRK showed that sta-
ble vis-ual acuity was achieved only 1 year after the procedure.’® At least up to
-6.00 diopters (D), the results of myopic correction in terms of predictability and
uncorrected visual ac-uity (UCVA) are similar for PRK and LASIK.'*'" Long-term
studies have shown that PRK is safe and predictable procedure in correction of
low and moderate refractive er-rors.'®18 Yet, PRK showed more regression than
LASIK at 10 years follow-up.'8?? Our unpublished results also shows that postop-
erative outcomes after high astigmatism cor-rection are slightly better with LASIK
than PRK.

3. Haze

Incidence of haze is higher after surface ablations, specially after correction of
moderate to high myopia.?®>?6 Haze reaches its maximum between the second
and third months,?” but resolves spontaneously by 6 months to 1 year. In surface
ablations, the absence of epithelial basement membrane and/or Bowman'’s layer
are thought to allow the entry of epithelium derived cytokines into the stroma
necessary and lead to myofibroblast alter-ation and formation of scar-type ECM.
Postoperative haze may continue to disappear, even after the first postoperative
year.?® Twelve year’s follow-up after PRK reported no haze in 94% of the eyes. ®
Yet, cases of late-onset haze have also been described. 2° Both simple epithelial
scrape as well as PRK has been shown to induce death of an-terior stromal kera-
tocytes within minutes by apoptosis. Transepithelial PRK photoabla-tion has been
reported to induce less stromal cell apoptosis than PRK performed after surgical
scraping of the epithelium.3® Deep photoablations (high corrections) have been
shown 2631 to create surface irregularities. Phototherapeutic keratectomy (PTK)-
smoothing seems to decrease the incidence of haze after PRK.%? Interestingly, vis-
ual outcomes appear to be better after transepithelial PRK (T-PRK) than LASIK33
but mi-cro- and macro folds are almost unavoidable even if they often “smoothen”
by the epi-thelium. However, they may affect the corneal optics.
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4. Regression

Myopia regression after PRK is thought to result from resynthesis of ECM by ac-
tivated fibroblasts and altered keratocytes.?* A relation between regression and
age has been described,® yet none relation with epithelial thickness has been
reported as in LASIK. In some cases, regression of myopia may continue even up
to 5 years after PRK. 34

5. Corneal nerves

Nerve damage in the anterior corneal stroma appears to be less severe in PRK
than in LASIK.3® Histological sections have revealed presumably regenerating
nerve fibres al-ready on day one post-PRK.%%: 37 Neural orientation and regrowth
may be affected by the absence of Bowman’s layer in corneas after PRK.38 PRK
ablates the superficial subbasal nerves resulting in less stromal nerve destruc-
tion. Thus the neural recovery after PRK is usually faster. Nerve density after PRK
improves significantly still after 1 year, and reaches near normal mean values at
2 years. Several studies 3% 40 have shown that two years after LASIK, the subbasal
nerves density reaches ~ 60% of the preoperative values. Similar values have
been reported to be reached one year after PRK. Recent observation suggest
the importance of sufficient neural regeneration on the postoperative healing and
predictability.*!

Hyperopic PRK may induce even more profound sensory denervation, since it
damages the thick peripheral nerve bundles, thus leading to more profound haze
and keratocyte activation in the corneal periphery, as well as in the central area. It
also needs a longer period to stabilize and less predictability and is usable to only
up to + 4D provided that the cornea is not very deep preoperatively.

6. Postoperative pain

Pain is maybe a one of the problems related to surface ablations although it shows
a large inter-individual variation. Patients who receive PRK typically have moder-
ate to severe pain for 1-4 days after the procedure, and usually recovery of visual
perform-ance takes one to two weeks.*? 43 Different techniques have been tried in
order to de-crease postoperative pain but have shown only limited success. Less
pain- and proba-bly haze has been reported after epiLASIK and LASEK vs. PRK
but contradictory re-ports have also been published.4447
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7. Epithelial basement dystrophy

Anterior basement membrane dystrophy, such as RCES (MDF), has been sug-
gested to arise from abnormal adhesion between the epithelium and the basement
membrane-Bowman’s layer complex. This, in addition to variable epithelial thick-
ness may contribute or generate a morphologically irregular anterior corneal sur-
face.*8 Eyes with history of MDF / RCES that did not show changes at the slit lamp
biomicroscopy examination, but showed CCTs compatibles with irregular astig-
matism that affects the VA can be cor-rected with simple PTK.*® Consequently,
wave front analysis is unreliable in these cases, and simple epithelial abrasion and
PTK should be performed first and the patient re-examined after PTK prior to any
stromal re-sculpture

8. Conclusion

Surface ablations still have pros and cons, indications and contraindications. Sur-
face ablation is often the method of choice in small deep eyes, thin corneas, cor-
neas with penetrating wounds such as RK, MDF-like eyes and in correction of low
simple myopic corrections. Less expensive and easier surface ablations avoid flap
complications, and decrease the risk of ectasia in thin corneas. LASEK and epi-
LASIK do not seem to offer significant benefits over transepithelial-PRK or PRK.
However, short topical postopera-tive mitomycin-C treatments with a low concen-
tration may in selected cases also im-prove the results of surface ablations.
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LASIK and microkeratomes

| Thomas Kohnen, Germany |

LASIK and microkeratomes
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Laser eye surgery for refractive errors

| Dimitri Azar, United States |

Tohru Sakimoto MD, Mark | Rosenblatt MD, Dimitri T Azar MD

Several laser and non-laser refractive surgical procedures have been used
to modify the shape of the cornea and correct myopia, hyperopia, astigma-
tism, and presbyopia. Introduction of the excimer laser to reshape the cornea
has resulted in remarkable developments in the correction of these refractive
errors. Combined with other advanced ophthalmological instruments, laser
refractive eye surgery has resulted in a substantial rise in the safety, effica-
cy, and predictability of surgical outcomes. Despite these advances, certain
limitations and complications persist. In this review, we describe the history,
preoperative assessment, surgical techniques, outcomes, and complications
of laser refractive surgery.

The function of the anterior segment of the eye (cornea and lens) is to focus in-
coming rays of light onto the lightsensing element of the eye—the retina. The
bending of incoming light rays, termed refraction, is predominantly done by the
cornea at the interface between air and the tear film. Of the 60 D of total refraction,
about two-thirds is achieved by the cornea.! The remainder of the refractivepower
is provided by the lens, which is also capable of changing its shape to modulate
the total refractive power.

Refractive errors have been traditionally divided into categories on the basis of the
location of the focus of parallel light rays, emanating from infinity (equivalent to a
distant object), relative to the retina. Emmetropia describes a refractive situation in
which the light rays are perfectly focused on the fovea. Myopia (near-sightedness)
arises when the light rays are focused in front of the retina. The hyperopic (far-
sighted) eye focuses rays from distant objects at a theoretical point behind the
retina. Astigmatism represents the differential focusing of light passing through
various corneal meridians. The emmetropic, myopic, or hyperopic eye focuses
light in a way similar to a spherical lens, and the astigmatic eye focuses light like a
spherocylindrical lens (see panel for definitions of terms used in this review).

A complex optical system, such as the human eye, cannot merely be divided into
spherical and cylindrical components, although the prescription of glasses does
just that. Wavefront aberrometry has become available for the measurement of
more subtle, and often major, optical aberrations in the eye.? These aberrometres
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measure how the optical system alters a wavefront of light entering the eye or em-
anating from the retina. Alterations can then be analysed to separate the aberrated
wavefront into components, using either Zernike polynomials or Fourier analysis.>
Detailed descriptions of these techniques are beyond the scope of this review,
but how these wavefront aberrations can be treated with laser refractive surgery,
one of the most important advances in refractive surgery, is described below.

Search strategy and selection criteria

We reviewed excimer laser refractive surgical procedures, and excluded other re-
fractive surgical procedures, which do not need laser treatment, such as radial
keratotomy, astigmatic keratotomy, epikeratoplasty, thermokeratoplasty, intras-
tromal corneal implants, and phakic intra-ocular lenses. Our search for outcomes
data focused primarily on a search of the US Food and Drug Administration (FDA)-
approved clinical trials database for laser vision correction (for US FDA approved
clinical trials database see http://www.fda. gov/ cdrh/LASIK/lasers.htm), which pro-
vided the largest and best controlled cohort of laser refractive surgery patient data.

Furthermore, we undertook a comprehensive review of PubMed databases for
relevant topics with emphasis on review articles, randomised clinical trials, original
articles, including prospective and retroprospective studies, and case reports with
the key words “refractive surgery,” “laser in situ keratomileusis,” “laser subepithe-
lial keratomileusis,” “Epi-LASIK”, “photorefractive keratectomy,” and “wavefront
guided refractive surgery”. Current issues of Investigative Ophthalmology and
Visual Science, Ophthalmology, Archives of Ophthalmology, American Journal of
Ophthalmology, Cornea, Journal of Cataract and Refractive Surgery, and Journal
of Refractive Surgery were thoroughly examined for articles that might have been
missed by the PubMed search. We searched publications from the past 10 years,
and reviewed the papers identified and their references. Relevant information from
recent ophthalmic corneal and refractive surgical textbooks was also identified.
For every study included in this review, the quality of the study was assessed.

Masked, prospective, randomised trials were deemed to represent the best quality
evidence, followed by cohort studies, then retrospective studies, and finally case
series and case reports. Although the FDA data used in this article represented
uncontrolled cohort studies, the surveillance provided by FDA monitoring and re-
view resulted in a better quality than that of non-FDA studies with the same basic
design. Furthermore, the number of patients included in the FDA-sponsored trials
was large, which added to the importance of these studies in assessing the refrac-
tive surgical outcomes.
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History of refractive surgery

Although scientists such as Da Vinci proposed theories as to the source of refrac-
tive errors,* the first systematic analysis of the nature and results of refractive er-
rors came from Francis Cornelius Donders. His classic treatise, “On the anomalies
of accommodation and refraction of the eye”, outlined the fundamental principles
of physiological optics.? Ironically, in this treatise, Donders railed against surgical
attempts to correct refractive errors by altering corneal shape. A procedure asso-
ciated with corneal incisions to correct astigmatism was later then attempted by
Hjalmar Schigtz in 1885.6 Most other early attempts at refractive surgery were also
limited to the use of incisions to treat astigmatism.”®

Modern refractive surgery extended corneal reshaping to treat myopia and astig-
matism. Throughout the 1930s and 1940s, Sato10 published several reports, de-
scribing his attempts to refine incisional refractive surgery with anterior and poste-
rior corneal incisions. The Russian ophthalmologist, Fyodorov '' later developed a
systematic process of anterior radial keratotomy and treated thousands of myopic
patients with greater predictability.

Lamellar surgery was first introduced by Jose Barraquer;'? he invented kerato-
plasty procedures that involved the transplantation of corneal tissue of a size
different from the host size to alter the curvature of cornea. He also invented a
series of lamellar procedures and developed a formula that represented the rela-
tion between the added corneal thickness and the change in refractive power, later
called Barraquer’s law of thickness.?

The transition from incisional to ablative laser refractive surgery arose with the develop-
ment of excimer laser technology. Although lasers were initially used to create anterior
radial keratotomy incisions or for thermal shrinkage of collagen-laden corneal tissue (in
the form of laser thermal keratoplasty), the most successful and widely used technique
is ablation of corneal tissue with the excimer laser. Excimer lasers use argon fluoride
gases to emit ultraviolet laser pulses. Taboda and Archibald'* reported the use of the
excimer laser to reshape the corneal epithelium in 1981 at the Aerospace Medical Asso-
ciation Meeting. In 1983, Trokel and colleagues'® showed how the excimer laser could
be used to ablate bovine corneal stroma. Their study also identified an excimer laser
emission of 193 nm as ideal in terms of increasing to a maximum ablation efficiency,
and limiting collateral thermal damage to the surrounding collagen within the cornea. In
1985, Seiler did the first excimer laser treatment in a blind eye. He later did the first exci-
mer laser astigmatic keratotomy.® The first FDA trials were initiated by L’Esperance and
consisted of photorefractive keratectomy in a blind eye.'” McDonald and colleagues'®
then did the first photorefractive keratectomy on a seeing eye with myopia.

EUPO Course 2009 | Page 173




Jose Barraquer’s pioneering work, including the use of lamellar procedures to sub-
tract corneal stromal tissue and the development of the first microkerotomes, set
the stage for laser in situ keratomilieusis (LASIK) surgery.'®1% Ruiz and Rowsey?®
modified Barraquer’s technique to undertake keratomileusis in situ with a geared
automated microkeratome. In the early 1990s, Pallikaris and colleagues?®! and Bu-
ratto and colleagues® independently described a technique that combined two
existing technologies: the microkeratome and the excimer laser. Pallikaris coined
the term LASIK for this new technique, which has become a widely used refractive
technique worldwide.

Panel: Glossary

Accommodation
The adjustment of the total refractive power of the eye to allow seeing at various dis-
tances. Accommodation is effected mainly by changes in the convexity of the lens.

Artificial tears

Topical eyedrops, often formulated to match the pH of human tears. Artificial tears
are used to soothe the eyes, moisturise dry spots on the eyes, supplement the
eye’s own tears, and protect the eye from irritation.

Astigmatism

A defect of an ocular structure (most often the cornea), causing parallel rays of
light to be refracted without meeting at a single focal point. An imperfect blurred
or smeared image is formed on the retina.

Cyclopentolate

An anticholinergic topical eyedrop used, especially in the form of its hydrochloride
C17H25NO3-HCl, to dilate the pupil, and relax the ciliary body of the eye for oph-
thalmological examination and measurement of the refractive error of the eye in
the absence of accommodation.

Emmetropia

The absence of refractive errors of the eye with its accommodation relaxed. In em-
metropia, parallel rays of light are all brought accurately to a focus upon the retina
of the unaccommodating eye.

Epi-LASIK

Epi-LASIK includes mechanical separation of the corneal epithelial layer, as a
sheet, from the underlying stroma. After excimer laser ablation, the epithelial sheet
is repositioned over the treatment zone.
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Excimer laser

Excimer lasers are ultraviolet gas lasers. The term excimer is a contraction of ex-
ited dimer. At first, intermediary structure for the excited state of these laser heads
was thought to include the formation of dimers, two atoms of the same element.
Although the gas halide is now recognised as the activated intermediary, instead
of a dimer, the term excimer is broadly accepted.

Femtosecond laser

Femtosecond lasers are neodymium glass lasers able to generate femtosecond
pulses with high output and short exposure time. The pulses are focused to preset
depths below the corneal surface. Blunt separation of the photodisrupted corneal
stroma creates the LASIK flap.

Flying spot

Flying spot ablation uses a computer-controlled small fixed diameter beam that al-
lows for peripheral ablation or customised ablation pattern. This technique needs pro-
longed ablation time, and, not uncommonly, it is coupled with eye-tracking systems.

Hyperopia

A condition in which visual images come to a focus behind the retina of the eye.
Accommodation often improves distance vision, but might not be sufficient to
improve near vision.

Keratectomy
Surgical excision of part of the cornea.

Keratoconus

Progressive thinning of the central cornea, resulting in corneal bulging and forma-
tion of a rounded cone. Keratoconus produces moderate to severe corneal distor-
tions and is often associated with myopia and irregular astigmatism.

Keratomileusis
Keratoplasty in which the anterior lamellae of the cornea are removed, frozen,
reshaped, and reinserted to correct refractive error.

Laser in-situ keratomileusis

LASIK is a refractive surgical procedure that permanently changes the shape of
the cornea with an excimer laser and a microkeratome or femtosecond laser. The
microkeratome or femtosecond laser produces a hinged lamellar flap in the cornea.
The flap is folded back, exposing the corneal stroma. Pulses from a computer-con-
trolled excimer laser vapourise a portion of the stroma before the flap is replaced.
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Myopia

A condition in which parallel rays of light are bent to a focus in front of the retina of
the eye. In myopia, the cornea might be too steep or the axial length of the eyeball
might be too long, resulting in defective vision of distant objects.

Presbyopia

A visual condition that generally becomes apparent in middle age and in which
loss of elasticity of the lens of the eye causes defective accommodation and in-
ability to focus sharply for near vision.

Photorefractive keratectomy
The use of laser ablation to reshape the stromal surface of the cornea for the cor-
rection of myopic or hyperopic refractive errors, or both.

Phototherapeutic keratectomy
A method to treat corneal pathology using ablative laser energy.

Radial keratotomy

A surgical operation on the cornea to correct myopia. This operation includes
making a series of incisions in a radial pattern, resembling the spokes of a wheel,
to flatten the cornea.

Visual acuity

The relative ability of the visual system to resolve detail, usually expressed as the
reciprocal of the minimum angular separation, in minutes of arc, of two lines just
resolvable as separate and that forms in the average human eye an angle of one
minute of arc; often measured by Snellen test, a test presenting letters of gradu-
ated sizes to establish the smallest size that can be read at a standard distance
(a 20/20 letter located 20 ft away from an eye subtends an angle of 5 minutes of
arc at the eye). The normal acuity in the human eye is 20/20, although some eyes
are capable of 20/15 or even 20/10 acuity.
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Preoperative assessment
Patients’ history

The preoperative assessment for laser refractive surgery begins with careful ac-
quisition of the patient’s ophthalmic history and general medical history. In view of
the elective nature of refractive surgery, the selection of appropriate surgical can-
didates is paramount. Active infection or intra-ocular inflammation is a contrain
dication for laser refractive surgery. However, surgery on patients with cured or
controlled disease can be more controversial. A history of bacterial keratitis would
not exclude surgery, but even a remote history of herpetic keratitis is believed by
many to contraindicate laser refractive surgery, since application of the laser can
potentially stimulate herpes simplex virus re-activation.?® Most refractive surgeons
hesitate to undertake laser surgery on eyes with a history of uveitis. Although not
absolute contraindications to laser surgery, a history of glaucoma, retinal detach-
ment, ocular trauma, and previous ocular surgery might affect the decision to un-
dertake surgery or alter the surgical plan in substantial ways. For example, after
central corneal excimer laser ablation, the cornea is thinned and measurements
of intraocular pressure might be artifactually low. Postoperative monitoring of the
intraocular pressure in glaucomatous eyes might thus become more difficult. A
patient with well-controlled glaucoma might still be a candidate for refractive sur-
gery, but a patient with severe disease should defer surgery.

With the removal of tissue by laser refractive surgical techniques, the presence of
keratoconus is a strong contraindication for LASIK surgery. Creation of a lamel-
lar flap and tissue removal can destabilise an already ectatic cornea and worsen
the condition. Some researchers?* have suggested that surface ablation might be
acceptable in some individuals, although this issue remains controversial. Also of
importance is the identification of keratoconus suspects or forme fruste kerato-
conus, which might be a contraindication for LASIK surgery.

A patient’s lifestyle, vocation, and hobbies might also affect their selection for sur-
gery, and the choice of vision correction modality. Participation in contact sports is
a contraindication for LASIK surgery because of the risk of flap trauma. In view of
the limitations of the surgery, patients who can tolerate zero risk to vision or need
perfect stereopsis (and who presently have good vision and stereovision with
other forms of correction) for their jobs or hobbies might not be good candidates
for laser refractive procedures. The armed services has recognised that soldiers
should be encouraged to pursue surface ablation instead of LASIK to avoid the
risks associated with flap trauma.?®
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A history of contact lens use and the length of time the patient has refrained from
use before the assessment should be established. In general, patients should not
have used soft contact lenses for at least 1 week before the assessment, and pa-
tients who wear rigid lenses should wait a minimum of 3 weeks. Even with these
guidelines, there are several examples of contact lensinduced changes in corneal
shape that persist for months.26

Patients should have stable refractions, and a history of frequent or recent changes
in the refraction should delay surgery. Patients younger than 18 years of age might
not have stable refractions, and surgery on these patients should be deferred.

Refraction

A careful refraction is a mainstay of laser refractive surgery. Although an automat-
ed refraction might serve as a useful starting point, a subjective manifest refraction
must be carefully done. A hand-held retinoscope can also be used to estimate the
refraction and can also identify corneal irregularities. Once the manifest refraction
has been completed, the patient’s ability to accommodate (focus at near) should
by paralysed with a cycloplegic agent—eg, cyclopentolate 1%.

Refractions obtained by any of these methods should be compared to allow sur-
gical planning. Consistency between measurements should be the aim, and any
disparities should be explained before surgery. The degree of refractive error also
helps to establish the eligibility of the patient for treatment with a particular surgi-
cal method on a specific laser platform. When possible, one should attempt to use
excimer laser systems within US Food and Drug Adminisration (FDA)-approved
treatment ranges. Refractive error outside these ranges can be treated with the
laser outside of FDA approval (with informed consent from the patient), on an
alternative platform with a larger approved treatment range, or only partly treated.

Measurements of corneal curvature

Keratometry can measure the steepest and flattest corneal meridians. These
measurements usually correlate with the refraction unless the lens is a source of
astigmatic refractive error. Corneas outside normal ranges (>47 D or <39 D) should
create suspicion. The degree of cutting of lamellar flaps with a microkeratome can
be altered, according to the keratometry readings.

Automated corneal topography can be done to measure the corneal curvature
at multiple points across the cornea. The corneal relief map identifies the overall
corneal shape. Irregularities of shape consistent with ectatic disorders, such as
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keratoconus and pellucid marginal degeneration, can be identified by careful anal-
ysis of these maps. Moreover, a predisposition for these disorders, forme fruste
ectasia, might be identified, even when no manifest disease is seen via slit-lamp
biomicroscopy.

Pachymetry

Central corneal thickness is generally measured by ultrasonic pachymetry. The re-
moval of large amounts of corneal tissue during laser refractive surgery can lead to
weakening of the cornea and ectasia, resulting in loss of vision and surgical effect.
Knowledge of the central corneal thickness provides the surgeon with an estimate
of the corneal residual bed (the amount of stroma posterior to the deepest abla-
tion). At least 250 um (we prefer a more conservative value of 300 pm) thickness
should remain at the end of the procedure to maintain the structural integrity of
the cornea. The pachymetry, combined with the level of refractive error, directs the
surgical planning.

Pupillometry

Pupil size under both bright and dim illumination is tested. Excimer laser ablation
treatment diameters can be adjusted. The role of pupil size (especially the size
relative to ablation diameter) as a risk factor for postoperative glare and halos is
controversial. However, most refractive surgeons agree that pupil size, although
not the only factor in glare, might play a substantial part.?” When possible, an at-
tempt to make the treatment diameter greater than the largest pupil size might
reduce induced aberrations and prevent the symptoms of glare and halos postop-
eratively. However, for a given amount of intended correction, the larger the abla-
tion diameter, the greater is the required treatment depth and the greater is the risk
of LASIK-induced ectasia.

Tear production

Tear production and quality can be assessed by examining the tear meniscus and
persistence at the slit lamp. We often undertake a Schirmer’s tear production test
to obtain a quantitative assessment of the amount of tear production. Dry eye
syndrome is a common postoperative complication after laser refractive surgery,
and treatment of any pre-existing dry eye can be important. If tear production is
extremely low (as in Sjogren’s syndrome) and if a patient’s symptoms do not im-
prove with appropriate treatment, the patient might benefit from deferring LASIK
refractive surgery. Surface ablation might be less risky in such situations.

EUPO Course 2009 | Page 179




Complete eye examination

Further to the examination components listed above, candidates for potential
refractive surgery should have other tests, including tonometry, slit-lamp biomi-
croscopy, motility, ocular alignment, and dilated fundus examination. Anatomi-
cal factors that could affect surgery should be identified. Glaucoma and cataract
might affect the patient’s candidacy for a refractive procedure, since thinning of
the cornea makes intraocular pressure measurements more difficult and progres-
sive cataract can cause the refraction to shift. Eventual cataract surgery is affected
by previous laser vision correction, since predictable intraocular lens calculations
are harder to measure accurately. A myriad of calculation systems that use preop-
erative and postoperative measurements and nomograms have been developed
to help improve intraocular lens calculations after refractive surgery.

Newer modalities, such as high-frequency ultrasound, anterior segment ocular
coherence tomography, and Scheimflug cameras, might improve our ability to
identify changes in the anterior and posterior corneal surface relation and improve
lens calculations further.

Counselling

Perhaps the greatest factor in assuring the ultimate success of laser refractive
surgery is communication during the preoperative visit. Refractive surgical tech-
niques have a high degree of objective success. Patients should be given realistic
expectations as to what refractive surgery can offer and should be made aware of
the risks of surgery. Several refractive surgical options available to patients, many
of which do not use the excimer laser, have grown in popularity over the years. A
discussion of these newer techniques and how they might apply to the specific
patient, might be necessary. Patients will go to their assessment with ever more
knowledge as the internet becomes a burgeoning source of medical information
and misinformation. The refractive surgeon should be prepared to deal with the
questions that inevitably arise from this information.

Surgical techniques

Several effective options for laser refractive surgery are available. Navigating the
complex array of options can be difficult, but more choices also bring the oppor-
tunity to meet more of the needs of an individual patient. The choices can broadly
be divided into lamellar (LASIK) and surface (photorefractive keratectomy, laser
epithelial keratomileusis [LASEK], and Epi-LASIK) ablation.
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LASIK

LASIK is lamellar laser refractive surgery in which the excimer laser ablation is
done under a partial-thickness lamellar corneal flap. Until recently, the lamellar
flap could only be made with a microkeratome. The microkeratome uses an oscil-
lating blade to cut the flap after immobilisation of the cornea with a suction ring.
Microkeratomes from several companies cut the lamellar flaps with either superior
or nasal hinges, and can cut to depths of 100-200 pm.

A femtosecond laser has been developed that can etch lamellar flaps within the
cornea stroma at a desired corneal depth. The femtosecond laser provides more
accuracy in flap thickness than previous methods; the microkeratome cuts can
vary widely in depth, even with the same preset thickness.?8

Femtosecond laser flap creation is less dependent on the corneal curvature and
might be more reliable in cases of steep or flat corneas, which can be at greater
risk for irregular corneal cuts. Increased cost, surgical time, and diffuse lamel-
lar keratitis are potential limitations of the femtosecond laser keratome. The in-
cidence and severity of diffuse lamellar keratitis are ameliorated by the use of
intensive perioperative topical corticosteroids.

Once the flap has been created, it is reflected at its hinge away from the corneal
stroma. The patient is asked to fixate on a centration light, an eye-tracker is en-
gaged to adjust for any eye movements during the ablation, and a preprogrammed
excimer ablation is done. Variables such as refractive target, treatment diameter,
and treatment blend zone can be altered for most laser platforms. Excimer laser
pulses might be applied as a variable spot scanning pattern or as a flying spot pat-
tern. The ablation might either correct sphere and cylinder error, or be wavefront-
guided. After the ablation has been completed, the stromal bed is irrigated and the
corneal flap is repositioned.

Compared with surface ablation, LASIK results in earlier and faster improvement
of uncorrected visual acuity, and has less (or almost no) postoperative discomfort,
improved stability, and predictability. With LASIK, however, the risks of flap-related
complications (wrinkles, debris, folds, buttonhole, and diffuse lamellar keratitis)
may be associated with the creation of the lamellar flap.

Surface ablation

This class of laser refractive surgical procedure uses the excimer laser to ablate
the most anterior portion of the corneal stroma. These procedures do not require
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a partial thickness cut into the stroma, and thus leave a larger residual bed to re-
tain the cornea’s biomechanical strength. The ablation of the anterior stroma and,
in particular, ablation through Bowman’s layer does, however, lead to a wound-
healing response that might result in greater stromal haze and scarring than that
in LASIK. Recovery after surface ablation is both substantially slower and more
painful than that after LASIK. LASIK patients often have markedly improved vision
2-3 days after surgery and have little or no pain; patients who receive surface
ablation typically have episodes of moderate to severe pain for 1-4 days after the
procedure, and usually do not achieve vision similar to LASIK patients for several
weeks. Several reports have shown good visual outcomes after photorefractive
keratectomy for low-to-moderate hyperopia.?®-3"

Three methods of surface ablation are in use: photorefractive keratectomy, LASEK,
and Epi-LASIK. These methods differ in the way the epithelial layer is handled. In
photorefractive keratectomy surgery the epithelium is removed, a large epithelial
defect ensues, and healing occurs by migration and division of surrounding epi-
thelium. The epithelium might be removed in several ways, including excimer laser
destruction, mechanical debridement with a surgical blade, abrasion with a brush,
or use of alcohol to loosen the epithelium.

In LASEK and Epi-LASIK surgery, the patient’s original epithelial sheet is reposi-
tioned onto the stromal bed after laser ablation. After the ablation, this epithelial
sheet is placed back into its original position using preplaced corneal surface
marks.®? The epithelial alignment is protected from blinks and eye movements by
the addition of a bandage contact lens. A series of techniques have been devel-
oped, each differing slightly in the way in which the flap is chemically loosened and
then reflected away from the cornea. In Epi-LASIK, a purely mechanical means of
epithelial dissection allows the creation of an epithelial sheet, which is reposi-
tioned on the stroma after excimer laser ablation. Several epikeratomes have been
developed for this purpose. These devices differ from LASIK microkeratomes in
that the blade and its angle of cutting are optimised for a clean subepithelial dis-
section, which does not disrupt the corneal stroma.3?

Whether the outcomes of photorefractive keratectomy, LASEK, and Epi-LASIK ac-
tually differ is unclear, in part because the viability of the replaced epithelial sheet
is uncertain. 6 months after surgery, the procedures have very similar outcomes
with respect to acuity and refractive error. It is tempting to hypothesise that if the
epithelium is viable, it might serve to quell some of the pain experienced as a re-
sult of the epithelial defect. The biological properties of the epithelium might also
modulate corneal wound healing, and inhibit haze formation after surgery. Labora-
tory data suggest that not only is the epithelium viable after carefully controlled
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epithelial lifting, but that cell death in keratocytes below the treatment might be
reduced in LASEK as compared with photorefractive keratectomy.3

Conventional versus wavefront-guided treatment

Whether the surgeon does LASIK or surface ablation, the “Where?” in laser re-
fractive surgery is decided. With the advent of wavefront aberrometry and lasers
capable of translating these data into ablation profiles, we now have a choice in
“How?” the laser surgery will be done. Conventional ablations make use of data
obtained during manifest and cycloplegic refractions. The ablation profile will con-
tain a spherical component and an astigmatic component when applicable. Al-
though the profiles incorporate additional nomogram adjustments and additional
components for blending the transition zone between the treated and untreated
stroma, they essentially treat what glasses have been treating for hundreds of
years.

Wavefront-guided treatments allow optical properties beyond spherical and
cylindrical defocus to be corrected. Wavefront aberrometers capture data that
describe the optical aberrations of a patient’s eye as an optical system.3%3¢ These
measurements take into account factors beyond corneal irregularities. Aberrations
from other sources, however, can be corrected at the corneal plane by the excimer
laser guided by the wavefront data. Preoperative analysis of higher-order aberra-
tions (those beyond defocus corrected by glasses) can be done preoperatively
and quantified. Whether the degree of higher-order wavefront aberrations should
be the determinant for a particular eye to receive wavefrontguided ablation is still
unclear. Refractive surgery itself produces higher-order aberrations, and it can be
argued that even in the patient with a perfect preoperative wavefront, wavefront-
guided treatment should be done to prevent the inevitable increase of aberrations
caused by the procedure. Since wavefront-guided treatments correct more com-
ponents, it is not surprising that for a given eye the wavefront-guided treatment
will ablate deeper into the stroma. The increased depth of these ablations might
hinder their use in higher myopia or patients with thin corneas (patients who might
have a great deal of higher-order aberrations).

The effectiveness of custom treatments to correct aberrations after previous sur-
gery is also not well established. In theory, affected patients might benefit most
from a wavefront-guided enhancement. In practice, however, whether the algo-
rithms used to translate the aberrometry data into ablation profiles have been
optimised for enhancements, particularly when the aberrations are caused by pre-
vious, often complicated refractive surgery, is unclear.
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Outcomes of laser eye surgery

Outcome data are available from multiple sources, including the FDA, laser-pro-
ducing companies, and independent investigators. The number of patients, out-
come measures, and length of follow-up might differ in these sources, making
data comparison somewhat problematic. For this review, we have divided the
available data into two groups: data obtained from the FDA clinical trial database
of laser platforms,3”-*% and other data from laser companies or individual investiga-
tors.50-66 FDA data are derived from well controlled and monitored investigations
of outcomes in a large cohort of patients and are rigorously analysed. We grouped
data from multiple FDA studies for myopia into four subgroups— 0 to -2 D, -2
Dto-4D,-4Dto-7D, and -7 D to -12 D—and those for hyperopia into three
subgroups—0 to +2 D, +2 D to +4 D, and +4 D to +6 D. The cut-offpoints were
included in the corresponding subgroups on the basis of the sub divisions within
the individual FDA applications. The other sources of data varied substantially in
methodology and level of analysis. Follow-up times for these other sources of
data were often insufficient to accurately show reasonably final surgical outcomes.

Most published analyses of data have pitted laser platform against laser platform.
This head-to-head comparison of laser platforms in published work might be driven
in part by marketing concerns. We have grouped data for different treatment modali-
ties (conventional vs wavefront-guided treatments) and for every type of refractive
error treated (low or moderate myopia vs high myopia vs hyperopia), when sufficient
data for comparison were available. In this way, we were able to assess the effective-
ness of laser refractive techniques, and not just how well a particular laser works.

We compared a combination of measures of refraction and visual acuity. Fortu-
nately, these variables are primary outcomes in almost all studies of laser vision
correction. Manifest refraction spherical equivalent is the amount of refractive error
that remains after ablation, and combines both the spherical and astigmatic cor-
rection. Manifest refraction spherical equivalent thus measures the ability of the
laser refractive procedure to reach the target refraction. We analysed postoperative
manifest refractive spherical equivalents to determine the percentage of patients
whose residual refractive error fell within about 0-50 D or about 1-0 D of the target
error. Visual acuity is a subjective measure of the patient’s ability to resolve objects
(usually letters) at under defined lighting conditions. Although this measure does
not necessarily replace the patient’s visual function in his or her environment, it
does provide a standardised way to assess the success of the procedure. The
number of patients with uncorrected visual acuities of 20/20 (normal perfect vision)
or more and of 20/40 (functional vision usually allowing the patient to drive without
glasses) or more was analysed in this review. A loss of best spectacle-corrected
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visual acuity of more than two lines on the Snellen chart was used to measure neg-
ative outcomes for the procedures. Our results are shown in figures 1-3. Published
results were obtained by the following criteria: (1) randomised prospective study
(n=25, follow-up period =3 months), (2) controlled prospective study (n=50, follow-
up period >3 months), and (3) case series (n=100, follow-up period =6 months).
However, it should be noted that even though the Snellen chart-based visual acuity
has been judged as the standard method of assessing the outcomes of ophthalmic
surgery, the variables mentioned above might not be enough to assess the satisfac-
tory functional visual outcomes after refractive surgery. Laser refractive surgery can
cause higher-order aberrations, such as glare, halo, or night-vision disturbance,
and other variables such as contrast sen sitivity, and scotopic and mesopic vision.
Wavefront aberrometres will probably have a greater role in measuring outcomes.

3 Custom FDA studies
3 Non-custom FDA studies
[ Other studies (non-custom)
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Fig 1: Visual outcomes of LASIK for myopia at 3-6 months after surgery

UCVA=uncorrected visual accuity. MRSE=manifest refraction spherical equivalents. For every
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with high myopia with refractive error -7 D to =12 D. 37-45, 50~
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3 Custom FDA studies
3 Non-custom FDA studies
[ Other studies (non-custom)
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Fig 2: Visual outcomes of LASIK studies for hyperopia

UCVA=uncorrected  visual  acuity. =~ MRSE=manifest refraction  spherical
equivalents. Data analysed for diff erent degrees of hyperopia and for all
hyperopia,*6-49.62-66

LASIK outcomes

Low to moderate myopia (conventional laser ablation) Those with low (-4 D or less)
or moderate (-4 D to -7 D) myopia represent the largest population of patients un-
dergoing laser refractive surgery. They represent the largest proportion of the general
population; also, patients with higher myopia might not qualify as candidates for laser
surgery. In view of the preponderance of low to moderate myopia, it is not surprising
that the first FDA-approved use of the excimer laser for LASIK was for these patients.

Grouped data from the FDA-approved laser platforms (LADAR Vision, Alcon, Fort
Worth, TX, USA; EC5000, NIDEK, Gamagori, Japan; S2 & S3, VISX, Santa Clara, CA,
USA; Technolas 217a, Bausch & Lomb, Rochester, NY, USA; Allegretto Wave, Wave-
Light, Sterling, VA, USA)*-*? for low to moderate myopia showed manifest refraction
spherical equivalent within about 1-00 D of 96% and within about 0-50 D of 81%. Simi-
larly, uncorrected visual acuities better than 20/40 were measured in 96%, although
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72% of patients had vision equal to or better than 20/20. A loss of best spectaclecor
rected visual acuity of more than two lines was noted in just under 1-0% of patients.

Comparison of the FDA data with other studies revealed similar outcomes with
respect to efficacy. Combined data from the non-FDA dataset show manifest re-
fraction spherical equivalent within about 1-00 D of 94% and within about 0-50 D
of 79%. About 95% of patients were 20/40 or better and 67 % were 20/20 or better
uncorrected. These other studies did, however, have a higher rate of best specta-
cle-corrected visual acuity loss totalling more than 2-3%. These overall excellent
success rates explain the popularity of laser refractive surgery.

High myopia (conventional laser ablation)

With the larger degree of refractive error and the concomitant need to remove
more tissue in higher myopia, this group of patients is often analysed separately
when measuring outcomes of refractive surgery. In the high myopia group, FDA
data showed manifest refraction spherical equivalent within about 1-00 D of 80%
and within about 0-50 D of 61%. Although 89% of patients were 20/40 or better,
less than half (48%) achieved 20/20 or better. A loss of best spectacle-corrected
visual acuity of greater than two lines was recorded in only 1% of patients.

Similarly, combined data from the non-FDA dataset showed manifest refraction
spherical equivalent within about 1-00 D of 79% and within about 0-50 D of 59%.
94% of patients were 20/40 or better; 64% were 20/20 or better. Compared with
FDA data, a loss of best spectaclecorrected visual acuity of more than two lines
was noted in a higher rate of 2% of patients.

Myopia

3 Custom FDA studies
4o E3 Non-custom FDA studies
3 Other studies (non-custom)
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Comparison of low to moderate versus high myopia

In general, we might expect less accuracy and larger wound-healing effects with
the deeper ablations. As the depth decreases, the cornea might also be desta-
bilised, and this instability can further retard the ability to reach a target refrac-
tion. With the FDA data, a comparison of manifest refraction spherical equivalent
between low-to-moderate and high myopia after LASIK shows a larger residual
refractive error in high myopia. The difference between the low-to-moderate myo-
pia of 96% within about 1-00 D and high myopia with 80% was even more indica-
tive when accuracy to within manifest refraction spherical equivalent of about
0-50 D was analysed (81% for the lower myopic group and 61% for the higher
myopic group).

This trend was also noted in the analysis of FDA data on final uncorrected visu-
al acuities. For the less myopic group, acuity of at least 20/40 was achieved in
96% of patients as compared with only 89% of the high myopia group. Again, the
difference is even more pronounced when better acuities are examined. Less than
half (48%) of patients with high myopia achieved acuities of 20/20 or better with
LASIK; however, almost 72% of lower myopia achieved this excellent acuity level.
Similar analysis of non-FDA data provided similar outcomes.

The cut-offpoint between low-to-moderate and high myopia has been used in
published work as a distinction, but these degrees of myopia are somewhat arbi-
trary. In a subgroup analysis of the FDA data, we noted that correlation between
the degree of initial refractive error and the level of residual myopia and poorer
acuity was fairly linear, even with the low-to-moderate group. In general, patients
with higher degrees of myopia should be told that their likelihood of reaching per-
fect vision is less than in patients with lower myopia.

The rate of best spectacle-corrected visual acuity loss was essentially the same
for all myopic groups. This finding suggests that although the improvement in vi-
sion and refractive error might be less for high myopes, the procedure is still likely
quite safe in this group. Long-term studies are needed to ascertain the true risk for
the high myopes who undergo greater tissue removal. This greater tissue removal
might be expected to destabilise the cornea and allow for ectasia and worsening
of outcome in susceptible individuals. Data collected at 10-year or 20-year follow-
up would allow for a better analysis of this potential occurrence. Wavefront-guided
LASIK (custom laser ablation) for myopia.
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Wavefront aberrometers represent a major advance in

our ability to measure subtle, yet visually substantial, optical defects. The out-
comes for wavefront-guided LASIK in myopia have been investigated by the FDA
for three separate laser platforms. In view of the fewer numbers of non-FDA stud-
ies, the differing outcome measurements, and follow-up for these studies, only the
FDA data are presented here.

Grouped data from the FDA-approved wavefrontguided laser platforms (LADAR
Vision; Technolas 217z; and Star S4 and Wavescan Wavefront System, VISX, San-
ta Clara, CA, USA, and Bausch & Lomb Technolas 2172)*3-% for low to moderate
myopia showed manifest refraction spherical equivalent within about 1-00 D in
96% of eyes and within within 0-50 D in 81%. Uncorrected visual acuities better
than 20/40 were measured in 98%, and 89% of patients had vision equal to or
better than 20/20. A loss of best spectacle-corrected visual acuity of more than
two lines was recorded in only 0-5% of patients. Wavefront-guided LASIK seems
to be most successful in patients who have low myopia, especially for uncorrected
visual acuities better than 20/20. 95% of the patients up to —2 D achieved 20/20 or
better, as did 91% in the range -2 to -4 D.

Comparison of wavefront-guided versus conventional laser ablation for myopia

Whether the additional information obtained with wavefront-guided treatments is
translated into better ablations and improved acuity compared with conventional
LASIK can be determined by comparing the FDA trials data. A marked difference
in uncorrected visual acuities of 20/20 or better was seen between wavefront-
guided and conventional treatments. In wavefront-guided LASIK, 89% of patients
achieved this level of vision. By contrast, with conventional treatment, patients
reached 20/20 or better only 72% of the time. These differences were not seen
with the 20/40 or better acuity outcome.

There are no substantial differences in postoperative manifest refraction spherical
equivalent between conventional and custom treatments. How can one recon-
cile the similar refractive outcomes in both treatments with the better uncorrected
visual acuities outcomes for wavefrontguided treatments? It cannot be certain, but
the manifest refraction spherical equivalent measures only spherical and astigmat-
ic error (defocus), which is probably similar in both treatments. The higher-order
aberrations, however, are treated in wavefront-guided treatments such that these
aberrations are reduced to a minimum (or the rise caused by refractive surgery is
ameliorated). The improved acuity is likely explained by the higher number of aber-
rations remaining after conventional treatments.
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Some care should be taken when comparing the FDA data between wavefront-
guided and conventional treatments. The data for conventional treatments were
gathered with earlier generation laser platforms. Since FDA approval, improve-
ments have been made to the lasers, the software driving the lasers, the laser-
tracking devices, and our ability to identify patients who are poor candidates for
LASIK. These improvements are unrelated to wavefront technology. The assess-
ment of specific laser platforms is not the purpose of this review, but a current
generation laser system (Allegretto Wavelight), which incorporates technological
advances unrelated to custom ablation was approved by the FDA in 2003. Treat-
ment results are better than seen with the older generations of laser, though still
not as good as those seen with the wavefront-guided lasers in terms of final un-
corrected visual acuities. The Allegretto system is wavefront optimised, in that
the rise in higher-order aberrations seen after laser vision correction is reduced
to a minimum by the ablation algorithm. By contrast with truly wavefrontguided
systems, which use actual wavefront data obtained from the eye to be treated,
wavefront-optimised systems adjust the ablation profile without actually measur-
ing higher-order aberrations in the patient.

Hyperopia

For hyperopic LASIK ablations, most of the laser energy is directed at the pe-
riphery of the treatment zone with a relative sparing of the central cornea. Cen-
tration and tracking are essential factors in obtaining accurate ablations without
inducing astigmatism from decentration. Additionally, mechanical weakening of
the peripheral cornea might allow the central cornea to bow forward, augmenting
the intended laser effect. Wound healing from hyperopic treatments also seems to
differ from myopic treatments. The biomechanical changes and the wound healing
in hyperopic LASIK cause increased levels of regression after this procedure and
limit the total refractive error that can be treated with the LASIK technique.

Grouped data from the FDA approved non-custom laser platforms (Alcon LADAR,
VISX S2 & S3, Bausch & Lomb Technolas 217a, and Allegretto Wave WaveLight)
showed manifest refraction spherical equivalent within about 1-00 D of 90% and
within about 0-50 D of 67 %.46-48 Similarly, uncorrected visual acuities better than
20/40 were measured in 90%, although 63% of patients had vision equal to or
better than 20/20. A loss of best spectaclecorrected visual acuity of more than two
lines was recorded in just under 2% of patients. Data for non-FDA studies differed
substantially from the FDA studies in the proportion of patients achieving 20/20
or better vision.®2-%¢ This lower level of acuity is noted despite a similar degree of
manifest refraction spherical equivalent about 0-50 D in both types of studies. The
basis of this difference is not clear.
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In FDA-approved custom laser platform (VISX Star S4 & Wavescan Wavefront Sys-
tem),*® manifest refraction spherical equivalent within about 1-00 D was 95% and
within about 0-50 D was 70%. Similarly, uncorrected visual acuities better than
20/40 were measured in 97%, and 66% of patients had vision equal to or better
than 20/20. A loss of best spectacle-corrected visual acuity of more than two lines
was recorded in 0% of patients.

Unlike the custom versus conventional myopic treatments, it is difficult to draw
conclusions on the basis of the comparison between this custom FDA study and
noncustom FDA studies for 0 to +6 D hyperopia. For the lower outcome standards
(manifest refraction spherical equivalent about 1-00 D and best spectacle-correct-
ed visual acuity of 20/40 or more) the wavefront-guided treatments did show a
modest improvement versus the conventional treatments. However, for manifest
refraction spherical equivalent about 0-50 D and best spectacle-corrected visual
acuity of 20/20 or better, the two types of treatments were equivalent. This finding
suggests that although wavefront-guided treatments might prevent some worse
outcomes, they do not improve the chances of obtaining the best outcomes. The
problems of unpredictable wound healing and biomechanics, which are important
determinants in the outcome of hyperopic LASIK, are not necessarily solved by
the custom ablation.

Outcomes of LASIK for mixed astigmatism

There are fewer reports available for the LASIK treatment of mixed astigmatism
(the refractive condition in which rays of light in one meridian are focused in front
of the eye as in myopia and rays of light in the meridian 90° away are focused
behind the retina as in hyperopia) than for other problems, probably because there
are fewer patients in this group overall, fewer patients in this category elect to have
refractive surgery (their preoperative manifest refraction spherical equivalent can
often approach zero), and fewer laser systems are approved for the treatment of
this refractive condition.6”-7° Patients who do have mixed astigmatism and elect
to have treatment have a higher degree of cylinder (poorer acuity than would be
expected on the basis of the manifest refraction spherical equivalent alone), and
patients with higher levels of astigmatism tend to have less predictable outcomes.

FDA trials for LASIK-treated mixed astigmatism show an improvement in uncor-
rected visual acuities.”” Uncorrected visual acuities better than 20/40 were meas-
ured in 95%, and 61% of patients had vision equal to or better than 20/20. A loss
of best spectacle-corrected visual acuity of more than two lines was recorded in
0% of patients.
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Outcomes of LASIK for presbyopia

Presbyopia is an age-related refractive condition in which the eye is no longer able
to focus over a broad enough range to allow for both functional near and distance
vision. Laser vision correction is unable to correct this condition per se, but can be
harnessed to create corneal multifocality and pseudoaccommodation. Attempts
to create multifocal corneas using new ablation profiles during LASIK surgery are
under investigation in France and South America,’?"® and hold promise as future
techniques to treat presbyopia.

LASIK surgery can, however, treat the symptoms of presbyopia through the use
of a technique termed monovision.”#78 In monovision, the distance refraction for
one eye is emmetropic and the distance correction for the second eye is myopic;
one eye is set for distance vision and the other for nearer vision. In phakic patients
who still have some degree of accommodation, albeit insufficient for their needs,
the near eye need not be corrected (or left untreated) at a level of myopia for near
alone (about —2-75 D), but instead can be only mildly near-sighted. The outcomes
for monovision treatment are dependent not only on the ability of the laser to ac-
curately reach the target refraction, but also on the patient’s ability to adjust to
anisometropia and the slight decrement in visual acuity and depth perception that
arises from the different focal points in each eye. Therefore, the preoperative use
of monovision contact lenses might be useful.

There are no FDA trials for the use of LASIK for monovision. Non-FDA data suggest
that about 80% of patients will make the adjustment to monovision, and that most
patients will adapt to monovision within 3-4 weeks. Perhaps the most important
factor for obtaining good outcomes with this technique is proper selection of pa-
tients and adequate counselling before the procedure. Patients must understand
that improved functional vision, if it does arise, will come only after the adaptation
period, and that it comes at some price to both near and distance acuity. When
the patient is unhappy, the undercorrected eye can undergo either enhancement
(re-treatment) or initial treatment (when the myopic eye was untreated) to balance
the eyes. The patient will then need to use reading glasses for near tasks.

Outcomes of surface ablations (photorefractive keratectomy and LASEK)

Surface ablation (photorefractive keratectomy) was the first ablative refractive sur-
gical technique approved by the FDA. Although photorefractive keratectomy came
into some disfavour during the late 1990s, surface ablation has seen a partial re-
surgence for the treatment of refractive error in patients with thinner corneas and
low to moderate myopia, as a result of the avoidance of lamellar flap creation and
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its associated risks. The improvements in the laser systems can also improve out-
comes achieved by surface ablation. The LASEK procedure represents a modifi-
cation of the original photorefractive keratectomy procedure in which the patient’s
epithelium is retained (by making an epithelial flap) instead of removed.

The original FDA studies for photorefractive keratectomy were undertaken in
1995,”7 and used laser systems that did not have capabilities of lasers today —eg,
advanced software, accurate eye-tracking, and larger ablation zones. In view of
the limitations of the lasers used in these studies, analysis of the FDA data alone
for photorefractive keratectomy is not likely to yield useful results for today’s pa-
tients. No FDA trial for the LASEK procedure has been done.

The available data suggest that surface ablation achieves results similar to LASIK.
Table 1 provides cumulative data for photorefractive keratectomy and LASEK
techniques.30:50-52.56.57.78-91 Combining all myopia, photorefractive keratectomy
achieves best spectacle-corrected visual acuity of 20/20 or more in 61% of pa-
tients and of 20/40 or more in 94%, and LASEK achieves best spectaclecorrected
visual acuity of 20/20 or more in 74% of patients and of 20/40 or more in 94%.
For manifest refraction spherical equivalent, photorefractive keratectomy has a
postoperative value of about 0-50 D in 71% of cases and LASEK in 74% of cases.
From a refractive standpoint, the techniques seem very similar.

Myopia Hyperopia

PRKo55657885 LASEK?798558 PRI LASEK®
Visual range -1t0-13-0D -1t0-12:5D +1to+5D +2t0+5D
UCVA =20/20 2559/4184 (61-1%) 471/637 (73-9%) 4741630 (752%) 79/108 (73-1%)
UCVA =20/40 3877/4112 (94:3%) 361/382 (94-5%) 594/682 (87-1%) 98/108 (907%)
Within about 0-5 D of MRSE 2965/4158 (71-3%) 451/610 (73-9%) 481/682 (70-5%) 82/108 (75:9%)
Within about 1-0 D of MRSE 3748/4158 (90-1%) 482/538 (89-6%) 581/682 (85-2%) 99/108 (91:7)
Loss of =two lines of BCVA 3/517 (0-6%) 13/610 (2:1%) 14/682 (2:1%) 0/108 (0-0%)

UCVA=uncorrected visual acuity. MRSE=manifest refraction spherical equivalent. BCVA=best spectacle-corrected visual acuity. Data are number (%) unless otherwise indicated. For PRK
studies, data published after January, 2000, only were collected.

Table 1: Cumulated outcomes of photorefractive keratectomy (PRK) and LASEK for myopia
and hyperopia

In comparative studies, LASIK and surface ablation have similar outcomes. The
lower values for best spectaclecorrected visual acuity and manifest refraction
spherical equivalent listed above for the surface ablation techniques might be the
result of inclusion of high myopia. These higher myopia treatments, as discussed
in the LASIK outcomes section, in general have poorer and less predictable results.
Deep ablations for high myopia via surface ablation also have a greater tendency
to produce stromal haze during the wound-healing process and thus might lead to
poorer results. Indeed, most surgeons prefer not to do surface ablations in higher
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myopia; when they do treat these patients on the surface, they often use wound-
healing biomodulators such as mitomycin C. We advise caution in using these
biomodulators, since each has its own complications, and the long-term sequelae
of their use for refractive surgery are not well understood. Indeed, evidence sug-
gests the loss of stromal keratocytes after application of mitomycin C.%2

Complications and management

Serious complications from refractive surgery are rare, as evidenced by the low
rate of loss of best spectacle-corrected visual acuity. However, as with any sur-
gery, complications might occur either intraoperatively or postoperatively.®® Risk-
benefit calculations of surgery are somewhat different for refractive surgery, since pro-
cedures are generally done electively in healthy eyes with excellent visual potential.

Intraoperative complications

The creation of an intralamellar flap during the LASIK procedure increases the
risk of intraoperative complications. The complications of LASIK are listed in ta-
ble 2.94-116 |n general, difficulties associated with intra operative flaps arise be-
cause of issues related to micro keratome function—eg, malfunctions of the mi-
cro keratome assembly (loss of suction, poor blade oscillation, or interruption of
keratome movement) or abnormally steep (button-hole formation) or flat (free-cap)
patient cornea. The femtosecond laser has fewer problems in terms of creating
irregular cuts, and managing irregular cuts created with the laser is less difficult.
However, femtosecond laser has the potential to induce diffuse lamellar keratitis.
Use of topical corticosteroids keeps the incidence and severity of diffuse lamellar
keratitis to a manageable level. Depending on the severity and type of compli-
cation associated with flap creation, a surgeon can either ablate the cornea as
planned or abort the proce dure with the possibility of a future surface ablation.

For surface ablation, intraoperative complications are rare, and complications that
do arise are usually not serious. If a LASEK epithelial sheet is torn or deranged, the
procedure can revert to photorefractive keratectomy.

EUPO Course 2009 | Page 194




FDA trials* Non-FDA studiest

Epithelial defect*+** 0-50% 5.0-22:6%
Lamellar keratitis®*** 0-99% 02-32%
Haze®ssx7 0-57% 1.8-62%
Flap folds®** 1:00% 0-2-11%
Thin flap©:8 0-42% 0-08-0-75%
Free-cap®®*® 3:40% 0-08-1:00%
Irregular flap*** nfa 0-09-0-2%
Buttonholed flap®*® nfa 013-0-56%
Incomplete flap?1®# nfa 0-23-0-75%
Dislodged flap*** 0-22% 11-2:0%
Epithelial ingrowth#s:®s2 0-14% 0-33-9-1%
Debris 61213 331% 1.9-100%
Infectious keratitis™ 74 0:0% 0-0-2%
Ectasia™® 0-0% 0-2%

n/a=not available. *Include studies of wavefront-guided LASIK for myopia, LASIK for
myopia, and LASIK for hyperopia. tinclude complications reported in studies of
1000 people or more and in reports focusing on specific complications. Data are

proportion of atients ffected. Table 2: LASIK complications

Postoperative complications

Dry eye is the most frequent complication after refractive surgery, particularly in
LASIK surgery, in which the corneal nerves are severed during the creation of the
flap. Re-innervation in the subepithelial and anterior stroma is reduced by almost
half, even 3 years after LASIK.117 The condition is often transient and tends to im-
prove over weeks to months. For symptomatic patients, topical treatments—such
as artificial tears—are used and punctal occlusion, a procedure whereby a plug is
inserted in the lacrimal punctum to reduce tear outflow from the ocular surface to
the nose via the lacrimal drainage system, is done for more severe cases.

The LASIK flap re-adheres initially as a result of deturgescence of the cornea, but
actual collagen deposition and wound healing is quite slow (this, in part, allows
the cornea to remain free from scarring). As such, the flap might be displaced in
the days, weeks, or even months after the procedure. The risk of flap slippage is
greatest in the immediate postoperative period, and can be caused by eye rubbing
or lid squeezing. After several months, a substantial shearing force with a vector
tangential to the ocular surface is usually needed to displace a flap.Displaced
flaps should be lifted and irrigated, and striae should be ironed out.

Epithelial ingrowth into the lamellar interface might occur if the flap edge is not well
opposed. The ingrowth has the potential to reduce visual acuity and cause melting
of the stroma as a result of enzymes secreted from the epithelial cells. If epithelial
ingrowth occurs in the visual axis, or signs of stroma melting are noticed, irrigation
and scraping of the flap interface should be done.
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Postoperative scarring and haze is more common after surface ablation than
LASIK, particularly in deeper ablations for higher degrees of myopia. Often a fine
reticular haze can be seen at the slit lamp, but there are no visual consequences.
Visually pronounced haze might occur in 1-2% of patients with high myopia. This
haze can be treated by either intraoperative or postoperative application of mito-
mycin C or transforming growth factor-g.11811°

Infection is uncommon since patients are kept on broad-spectrum antibiotics for
a week after surgery. The relatively protected intralamellar space created during
LASIK, however, does represent a potential haven for pathogens implanted at the
time of surgery. Although many LASIK infections are caused by typical flora found
on the ocular surface and lids, there is a greater incidence of keratitis caused by
atypical organisms, such as mycobacterium and fungi.''* Treatment can consist
of topical antibiotics, but the flap might also need to be lifted and the corneal bed
and flap irrigated with antibiotics. Infections after surface ablation are extremely
uncommon and are generally well treated with broad-spectrum topical antibiotics
after culture and removal of bandage contact lenses.

Diffuse lamellar keratitis is a clinical condition characterised by collections of white
blood cells within the flap interface. The cause of this inflammation is not known,
but it might be a result of immune reactions to antigens within the interface or be-
cause of trauma at the time of surgery. Diffuse lamellar keratitis is more common
after the use of the femtosecond laser to create the flap. In slit-lamp examina-
tions, diffuse lamellar keratitis is noted as a wide interface, extending or confining
infiltration in the early stages after the operation. If this complication is resistant to
intensive topical anti-inflammatory treatment, flap lifting and irrigation should be
considered.'%

Undercorrection is frequent with primary LASIK, and overcorrection is often noted
after re-treatments (so-called enhancement). If the laser equipment’s nomogram
is not yet stabilised, especially at the beginning of use, those unexpected correc-
tions will occur. To treat undercorrection, enhancement is needed.

Regression is defined as a return toward the original refractive error 3-6 months
after refractive surgery. It was a frequent complication with the previous generation
of refractive surgeries, such as radial keratotomy and photorefractive keratectomy,
but seems to arise infrequently after myopic LASIK. However, regression is re-
ported at much higher rates in hyperopic LASIK.

Halo and glare are frequent complications after refractive surgery, particularly if the
patient has large pupils or if a small ablation diameter was used. These symptoms
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are most noticeable at night or in dark places when the pupil dilates and more light
rays enter the eye through the untreated peripheral cornea. Fortunately, despite
a high rate of glare and halos immediately after surgery, these symptoms usu-
ally dissipate over time. Now that we can take wavefront measurements, higher-
order wavefront aberrations are increasingly blamed. In the past, symptoms were
treated with a topical miotic or tinted contact lens with an artificial pupil. Currently,
attention has turned to wavefront-guided enhancement surgery as a means to
solve severe glare and halos.

Corneal ectasia is a dreaded late-onset complication after laser refractive surgery.
In this progressive condition, the cornea bows anteriorly, creating myopia and
astigmatism. The cause of postsurgical ectasia is probably loss of biomechanical
stability after excessive ablation of a normal cornea (leaving a residual corneal bed
of less than 250 mm) or a reasonable ablation of a cornea, which is predisposed
to corneal ectasia (most common forme fruste keratoconus). This complication’s
average onset is 12-14 months after LASIK.""® According to the few available
long-term reports, the incidence of post-LASIK ectasia is low."'® An increasing
awareness of the rate of ectasia and better ways to detect abnormal corneas be-
fore surgery should keep the rates low. Management of this severe complication
might include hard gas-permeable contact lens wear, intracorneal ring segments,
or keratoplasty. Soft contact lenses are not suitable because they cannot correct
the irregular astigmatism.

Conclusions and future directions

Laser refractive surgery is currently the mainstay of refractive surgery. Over the
past decade, millions of individuals worldwide have reduced their dependence
on spectacles and contact lenses because of the success of LASIK and surface
ablation. Advances in these procedures continue to make the procedures not only
more effective, but also safer. The excimer laser will continue to be a primary
means of refractive surgery, even as phakic and accommodative intra-ocular lens-
es assume a larger share of refractive surgery.

The advances in laser refractive surgery will continue to be driven by the avail-
able technology. Improvements in laser design, eye-tracking, and laser algo-
rithms have all been incremental improvements in laser refractive surgery. The
advent of wavefront-guided surgery has been in many ways revolutionary. Fu-
ture work will identify which components of the wavefront map are important in
providing good vision. Even more importantly, the ability of laser algorithms to
effectively treat these aberrations both for primary and secondary ablations will
need to be improved.
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An excimer laser can precisely do ablations, yet the refractive outcomes after sur-
gery are not always so accurate. A better understanding of the role of wound heal-
ing in the final refractive outcomes is needed. We await biomodulators of wound
healing that allow for more precise refractive outcomes.

The combination of multiple refractive surgery modalities is termed bioptics (this
term was coined by Roberto Zaldivar) and can allow surgeons to avail themselves
of the benefits of each procedure, and at the same time reduce to a minimum the
known liabilities and limitations.'® We will probably see laser refractive surgery
increasingly combined with other modes of refractive surgery, such as phakic and
accommodative intra-ocular lens. Refractive surgery will be seen not as a single
procedure for a single problem, but rather as a set of refractive procedures to treat
the overall vision requirements of a particular patient.
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Quality of vision after refractive surgery

| Dimitri Azar, United States |

Quality of Vision after Refractive
Surgery

Dimitri T. Azar, MD

B.A. Field Endowed Chair,
Professor and Head
Department of Ophthalmology
and Visual Sciences

lllinois Eye and Ear Infirmary,
University of lllinois at Chicagg

Non-Custom LASIK

1. Measurement of spherocylindrical error
2. Flap dissection with microkeratome &
3. photoablation with excimer laser

Number of LASIK Procedures in US
1998 430,000

999 800,000
2000-2007 (projected)  1.5-2 mil./yr

Complication rate 0.5% - 2%
Mechanical compllcatlons relate to the flap

Optical relate to ation, optical
ﬁ(gl: size, posmve asphencﬂy and uncorrected

VISX Laser Technology
Advancements

Iris Registration
Multifocal Ablations

B&L Laser Technology
Advancements

Multifocal Ablations

Allegretto Laser Technology
Advancements

Mixed Astigmatism Approval
Instantaneous Pachymetric
monitoring

Femtosecond Optical Delivery System

+ Glass Lens applanates
cornea to flatten eye &
maintain precise
distance from laser
head to focal point

Tear Film -
Epithelium —
Bowman'’s -

Stroma—

Descemet’s

Endothelium—
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Mechanical complications may be reduced
with newer technologies

+ Laser is set to desired

depth

— Defined distance from bottom
of glass applanation surface

Pulses delivered in a

prescribed pattern creating a

horizontal or vertical cleavage

plane in the cornea

Optical complications may be reduced with custom

LASIK and newer technologies of laser delivery

LASIK Limitations

*Potential Flap-related Complications
*Custom corneal limitations

*Ectasia

Epithelial Cysts

Striae

Corneal Ectasia in Myopia

Preexisting KC
Deep flap
High myopia
Deep laser ablation

(Ectasia is more likely to occur after LASIK)

Potential Complications in Patients with Coexistent
Keratoconus and Fuchs’ Dystrophy
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Potential Complications in Patients with Coexistent
Keratoconus and Fuchs’ Endothelial Dystrophy

Gase 2. Top, Orbscan
graphy showed
nferior steepening of th
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foe BW, Jurkunas UV, Harissi-Daghor M, Poothullil AM, Tobaigy FM, Azar DT. Am J Ophthalmol. 2007 Jul;144(1):154-156.

Surface Ablation?

*Potential Flap-related Complications
*Custom corneal limitations

*Ectasia

Surface Ablation, Combined with MMC, May
Overcome Several Limitations of Phakic IOLs

*Shallow AC

*Low initial endothelial cell counts
*Progressive endothelial cell loss
*Cataract formation

*Serious Intraoperative/Postoperative
Complications

Control-Matched Comparison of
LASEK and LASIK

Retrospective, nonrand d, control d study

I The charts of 2257 eyes that underwent LASEK or LASIK
treatment were reviewed.

Inclusion criteria: patients who were 21 years of age or
older having between -0.75 and -6.00 diopters (D) of
myopia with up to -2.25 D of astigmatism.

' One hundred twenty-two LASEK-treated eyes were
matched with 122 LASIK-treated eyes having preoperative
spheres, cylinders, and SE within £0.50 D.

Both groups had similar preoperative best spectacle-
corrected visual acuity (BSCVA), laser platform, and follow:
up durations.

Tobaigy FM, Ghanem RC, Sayegh RR, Hallak JA, Azar DT. Am J Ophthalmol. 2006; 142(6): 901-8

Control-Matched Comparison of
LASEK and LASIK

Postoperative results:

Mean SE was -0.15 £ 0.40 D
for LASEK and -0.37 +
0.45 D for LASIK

Mean logMAR of BSCVA was -
-0.03 £ 0.06 (20/19) for
LASEK and ~0.02  0.05
(20/19) for LASIK.

No eye lost 2 or more lines =
of BSCVA in both groups. ‘

o1l |

Noloss

Line Loss/Gain of 122 LASEK Eyes
Matched with 122 LASIK Eyes.

% of Eyes

2lnss  -1lne Hlne  s2ines  +3Lines

DLASEK BLASK

Tobaigy FM, Ghanem RC, Sayegh AR, Hallak

JA,Azar DT. Am J Ophihaimol. 2006
142(6): 9018
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Control-Matched Comparison of LASEK
and LASIK for Low to Moderate Myopia

Conclusions:

+ Although there were some differences in the
visual and refractive results favoring LASEK,
they were not clinically significant.

Both procedures seemed safe, effective, and
predictable for the treatment of low and
moderate myopia.

Nomogram adjustment may be necessary for
LASIK surgeons adopting surface ablation.

Epi-LASIK Attempted versus achieved spherical equivalent correction

Attempted versus Achieved Spherical Equivalent
Correction at the Final Visit

. . P
5. s
£ A
tE o
o

Achieved (D)

Surface Ablation

ADVANTAGES:

+ Surface ablation is a viable alternative to LASIK
especially in young patients with thin

achymetry, steep K, and/or corneal
irregularities.

+ Microkeratome and flap- related complications
are avoided.

« Surface ablation is a reasonable alternative to
phakic IOLs in patients with low endothelial cell
counts, shallow AC, early lens opacities, and/or
high astigmatism.

LASIK in the Presbyopic Age Group: Safety, Efficacy)|
and Predictability in 40-69 Year Old Patients

Conclusions:

+ Despite a trend towards worse final BSCVA
and higher retreatment rates in older patients,
a greater risk of visual loss after LASIK was
not observed with increasing age.

» LASIK for myopia and hyperopia has
reasonable safety, efficacy and predictability
profiles in the presbyopic age group.

LIMITATIONS:
+ The long-term risks of prophylactic MMC are
unknown.
Ghanem RC, de Ia Cruz J, Tobaigy FM, Ang LP, Azar DT. Ophthalmology. 2007 Jul;114(7):1303-10
What are the Optical Limits to
AFFERENT ARM EFFERENT ARM

Corneal Topography/ 4
Wavefront Analyzer

Scanning Laser

Custom Ablation

Corneal Refractive Surgery?
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Comparison of Outcomes of
Custom and Non-custom LASIK

+ FDA trials of LVC
» Subgroups: 0 to -2D, -2 to -4D, -4 to -7D,
0 to +2D, +2 to +4, & +4 to +6D
» Pooled data of approved lasers (3 custom and
5 non-custom) rather than head-to-head
comparisons of individual lasers

- Literature Search (past 10 years); data pooled

+ Outcomes: % > 20/20; % > 20/40; % * 0.50D;
%+ 1D; % loss of > 2 Snellen lines

Sakimoto T, Rosenblatt MI, Azar DT - - Lancet 4/2006
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Limitations in Wavefront Analysis:
Measurement Steps

» Wavefronts reconstructed/analyzed

—higher order Zernike polynomial or
Fourier representation of wavefront
generated.

—Effective clinical prescription generated
and compared to phoropter.

—Repeat measurements compared for
consistency.

Scanning and Tracking Laser
Technology Limitations

Avoidance of Eye drift >
during surgery | P
+ Tracking of cornea in |
3 dimentions: x, y, and | Pt
rotational

- Differentiation of
rotational vs.
translational
movement (eye mvt vs
head mvt)
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Additional Limitations of Wavefront-
guided Excimer Laser Ablations

The refractive outcomes may be altered by
surgically-induced HOA:

+ Wound healing
- Biomechanical changes after surgery
(collagen relaxation, ectasia)

_—— Corneal Asphericity
ey | R L] ——
o Spherical surface (Shape factor: Q = 0);
J“'""..— or Oblate surface (Shape factor: Q > 0) :
Peripheral rays are bent more than the para-axial rays
aibe U3 Wt
- . 4 55
¥ - M
;. b o ]
s —— —]
1 i | e {
W L [ — Q>0
—
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(] w
Preoperative Corneal Asphericity
y Original curvature: Prolate;
low spherical aberrations
Myopic LASIK: I
1]
Central area flatter than r X
Peripheral untreated zone i bl
Is the treatment zone oblate?
— X
] XX
Gatinel and Azar Invest. Ophthalmol Vis Sci
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CONCLUSIONS Thank you for your attention

+ Recent improvements in LVC include improved
technology, patient selection, surface ablati
(Epi-LASIK), monovision, and customized
wavefront-guided LASIK.

Despite improved outcomes of custom LVC,
biomechanical changes and WH interfere with Dimitri T. AZAR, M.D.
the ability to eliminate optical aberrations

+ Other limitations include inability to measure
and render all HOA at all wavelengths, inability
to predict the surgically-induced aberrations,
and inability to perfectly position Rx on the
corneal plane.

Dimitri T. Azar, MD

B.A. Field Endowed Chair,

Professor and Head,

Department of Ophthalmology and Visual Sciences,
lllinois Eye and Ear Infirmary,

University of lllinois, Chicago

dazar@uic.edu
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Sept 30 - Oct 3, 2009 « Portoroz, Slovenia

European Association for
Vision and Eye Research

JOIN EVER in Portoroz - Slovenia
e Largest annual european eye research meeting

*Keynote lectures

*Special interest symposia C’V{( 2010

*Free paper sessions and posters o

&
« Workshops and courses o Sber 6=9
e Lunchtime Commercial Interest Symposia /‘ez‘e) Gfeece

*New attractive location every three years

BECOME an active member \
Your benefits :

*Reduced fee for annual meeting

* Organizing Special Interest Symposia (SIS) during the annual meeting

* Voting rights for the election of Board Members

e Free access to Acta Ophthalmologica

*Travel grants
e Quarterly E-Newsletter

Registration deadline: September 1, 2009

EBO Review Courses
¢ From clinical analysis to final diagnosis: semiology is the key

* Ophthalmic oncology

21 CME CREDITS
www.ever.be

EVER 2009 hosts:
ARVO - CONCORDIA - EBO - EURETINA - EVI - FRO - ISCEV - OOG -SOIE
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European University Professors of Ophthalmology

CORNEA, CONJUNCTIVA and REFRACTIVE SURGERY
Programme

Friday, June 12, 2009
-> Room B

09:25  Introduction

09:30  First morning session: Morphology, anomalies and dystrophies
11:00  Break

11:30  Second morning session: Examination and inflammation

13:00 Lunch

14:30 First afternoon session: Keratoplasty and keratoprosthesis
16:00  Break

16:30  Second afternoon session: Allergy, Eye-lids, Keratoconus
18:15 EUPO Party

Saturday, June 13, 2009
-> Room Elicium 2

08:15 Morning session: Bacterial, viral and fungal keratitis
09:45  Break

10:15 Opening Ceremony of the SOE Congress

11:15  Break

13:15 Keynote lecture of European Congress of Ophthalmology

-> Auditorium

14:30 First afternoon session: Inflammation, Tumors, Dry Eye
16:00  Break and Exhibition Visit

16:30  Second afternoon session: Refractive Surgery

18:00 End of session



