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Black spots in catsò
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ñThe complicated corneal ulcerò

Black holes? Black spots?



Corneal anatomy ïin war and peace



Unique corneal anatomy:

ñform & functionò
Reflectance

Ron Douglas

Mirrors in nature: The ostracod (a type of deep sea 

crustacean), Gigantocyrpis, uses a mirror rather 

than a lens to focus light on the retina.

Transparency

These butterflies are known as Greta Oto and are 

members of the clearwing clade. Due to their 

beautiful transparent wings, they are also called 

glasswing or espejitos (ñlittle mirrorsò).



Name this guy?



Sheldon J Plankton



Sheldon J. Plankton

Copepods

very small crustaceans related 

to crabs and shrimp. Sheldon 

J. Plankton from Sponge Bob 

Squarepants is modeled after 

a copepod.

Like the Sponge Bob character 

Plankton, copepods only 

have one eye. Unlike 

Plankton, they do not operate 

their own restaurants

copepods, very small crustaceans related to crabs and shrimp. Sheldon J. Plankton from Sponge Bob Squarepants is modeled after a copepod.

http://www.fusedjaw.com/wp-content/uploads/2014/03/Spongbob-Squarepants-plankton.jpg


Cyclops

Copepods are the most 

numerous animals on the 

planet. They are the major 

food source for fish and even 

whales.
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Corneal anatomy

Tear film

Epithelium

Basement membrane

Stroma

Basement membrane 
(Descemetôs)

Endothelium

NB epithelial microvili

cf gut epithelial cells



Corneal reflectance

·Tear film function

¹ Lipid

¹Aqueous

¹Mucin

·Epithelium

·Basement membrane

·ñThe corneal reflexò

·Corneal reflex unaffected by stromal 

disease unless corneal contour 

affected.



Corneal Transparency

ÅñWhy is the cornea clear and 
the sclera white?ò

Å Transparent tear film and 
epithelium

ÅRegular arrangement 
stromal fibres ïslow 
turnover, relative dehydration

ÅAbsence blood vessels, 
simple cellular structure

ÅRelative dehydration  -
functional endothelium

Å Transparent endothelium



Tear film

Nutrition:

Å Oxygen

Å Glucose

Å Growth factors

Protection

ÅMacroglobulins

Å Lysozyme

Å IgA

Å Protect against drying

Repair:

Å MMPs

ÅGrowth factors



Tear film

Nutrition:

Å Oxygen

Å Glucose

Å Growth factors

Protection

Å Macroglobulins

Å Lysozyme

Å IgA

Å Protect against drying

Repair:

Å MMPs

Å Growth factors

x

x

x



Epithelium

ÅñThe soldiers on the 

battlementsò

Å Actively replicating

Å Readily & routinely sacrificed at 

the ñfront lineò (anterior corneal 

surface)

Å Produced by basal 

cells.(ñtraining groundò)

Å Basal cells recruited from limbal

stem cells (ñraw recruitsò)

Å Attached to corneal stroma by 

the basement membrane

Å Reliant on :

Å healthy tear film.

Å basement membrane



Epithelial basement 

membrane

ÅñThe battlements the 

epithelial cells stand onò

Å Secreted by healthy basal 

cells

Å Anchor epithlelial cells to 

stroma

ÅThe ñglueò or ñpasteò which 

attaches the epithelium to 

the stroma

Å Absent or abnormal in 

indolent ulceration
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Stroma

ÅñThe castle wallsò

ÅOnce breached ocular 

catastrophe imminent

Å Think of like a fracture

Å Little defence from infection

Å Tectonically strong but 

limited healing capacity

Å First intention healing very

slow

Å 2nd intention healing faster

Å Requires vascularisation

Å Reduces function 

(scarring)

Å Lamellar structure



Descemetôsmembrane

ÅñThe final defenceò

ÅOnce breached ocular 

catastrophe

Å Endothelial basement 

membrane

Å Transparent

Å Does not stain with 

fluroscein





Epithelial Repair

1) Migrationïrapid (1 to 3 mm/day)

2) Attachmentïslow (days to weeks)

3) Division ïslow (30days)

Å Fluroscein negative means intact epithelium 
but not normal epithelial thickness or 
attachment

ÅVascularisation has no effect on speed repair

Å Scarring not a feature of epithelial wounds

Å Remove cause then rapid healing the norm

Å Environment key 
Å Nutrition

Å Oxygen 

Å Lubricate for 30days post fluoroscein 
negative
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Stromal repair

·4 stages
¹Cell death ! A depressing start.. 

Immediate

ėStromal cytokines stimulate 
Neutrophils & MMP recruitment from 
tear film

ėDebride wound

ėFurther recruitment of MMP/PMNs 
until epithelium covers

¹Proliferation and migration.. 5-
7days

¹Transformation .. 30days

¹Remodelling and scar formation.. 
12months

·Speed increases with 
vascularisation as does 
scarring 
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EXAMINATION



How do we examine the cornea?

Full ophth exam

ÅSTT, always check symmetry ïout to in

Tear film 

ÅReflectance - Corneal reflex

ÅMeibomian lipid ïlook at mgôs, evert lids, break up time

ÅQuantify aqueous comp ïSTT

ÅMucus component ïdischarge, break up time

ÅAssess ability to blink

Transparency?

Ådistant direct

Shape?

Åoblique examination

Magnification

Åotoscope, magnifying glass, direct ophthalmascope +20D, digital photography (use flash)

Cell type? cytology

Stains. Fluroscein (Rose Bengal)



Is it reflective?: Corneal reflex

·Tear film function

¹Lipid

¹Aqueous

¹Mucin

·Epithelium

·Basement membrane



Is it transparent?: distant direct



Examine from an angle



Examine from an angle

NB Corneal reflex
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Biomicroscopy (the slit lamp) in Corneal 

examination

Broad slit

3d optical cross section

Parallelepiped

epithelium

Stroma

endothelium

45 degree angle ïincrease to 

separate components

Christine Heinrich



Corneal examination: 

depth & thickness

Courtesy Christine Heinrich



DIAGNOSIS & TREATMENT 

OF CORNEAL ULCERATION



What is an ulcer?

Loss of corneal 

tissue

ÅSuperficial

ÅDeep

ÅFull thickness

0.8-1.4mm



Trauma Epithelial disease

ñExternalò:

ÅForeign body

ÅCat scratch/thorn 

ÅBlunt 

ÅChemical ïdetergents, ear 
cleaner!

ñInternalò:

ÅTrichiasis

ÅEntropion

ÅEctopic cilia

Nutrition

ÅTear quality

ÅTear quantity

ÅTear spreading - brachycephalics

ÅExposure - brachycephalics

Infectious

ÅFHV

(Immune mediated)

Åeosinophilic dz,

Failure natural repair mechanisms

ÅIndolent ulceration

Iatrogenic

ÅSteroids, preservatives

What causes ulcers?



Brachycephalic 

ocular syndrome Reduced 
corneal 

sensitivity

Altered tear 
film quality

Reduced 
blink rate

Nasal folds

Medial 
canthal

entropion

Incomplete 
blink

Note: Sticky brown ocular discharge and 

corneal sequestrum above

Rose bengal uptake right.
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A typical day in the eye clinic

CCT (sliding corneal graft) ñPugoplastyò
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